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A Revision of the G-enera and great Groups of the Echinoidea. 

By P. Maktin Dukcan, M.B. (Lond.), E.R.S., E.L.S., &c. 

[Read 7th February, 1889.] 

I. 

Introduction:—the necessity for a Revision of the Fossil and Recent Genera 
of the Class Echinoidea and for a reconsideration of the arrangement of the 
great groups.—Definition of the Class Echinoidea and of its Subclasses the 
Pahoochinoidea and the Euechinoidea. Remarks upon the Paheechinoidea, their 
Classification.—Definitions of the Orders and Genera. 

The last work of L. Agassiz and Desor, “ Le Catalogue Kaisonne 
des Families, G-enres, et des Especes de la Classe des fichinides, 55 
was published in the 4 Annales des Sciences Naturelles ? during 
1846-7, and was a magnificent conspectus of all their previous 
labours in the classification of both the fossil and the recent 
Echinoidea. The work formed the foundation of a vast super¬ 
structure, which, however, soon separated into studies of the 
fossil species and genera apart from those of the recent fauna. 
Desor gathered together all the information regarding the fossil 
forms up to 1858, when he published his 4 Synopsis des Echinides 
fossiles. 5 This standard work has been of great value to palaeon¬ 
tologists. The history of the Zoology of the recent Echinoidea, 
subsequently to the date of the 4 Catalogue Kaisonne 5 and up to 
1883, and also a previous ‘.Kevision of the Echini 1 (1872-4) 
were the contributions of Alexander Agassiz. The Keports on 
the Echini of the 4 Hassler/1874, 4 Challenger, 5 1881, and 4 Blake, 
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1883, Expeditions, by this author, contain nearly the whole of 
the systematic and much of the morphological knowledge of the 
recent fauna. The work of Desor, and those of A. Agassiz, the 
one on the fossil, and the others mainly on the recent genera 
and species, are invaluable and have formed the basis of all 
subsequent research. But no book has appeared which has been 
written by any naturalist who has personally laboured in the 
classification and morphology of the Class, which has treated of 
both the fossil and the recent genera. Palaeontologists have 
published great numbers of genera and species since the days of 
Desor, and have*not invariably paid attention to the progress of 
their fellow workers who have described recent forms. And, on 
the other hand, much that was written a few years since by some 
naturalists, dealing with recent forms, would not have seen the 
light had careful descriptions of fossil genera, such, for instance, 
as have been published by Cotteau, de Loriol, and Sven Imvdn, 
been available in a standard work of reference. The results of this 
division of labour and of the independent researches of Palaeon¬ 
tologists and Zoologists have been the adoption of too many 
genera and the production of much confusion in the nomen¬ 
clature ; and the recognition of genera and species, both fossil 
and recent, has been rendered difficult by the publication of their 
diagnoses in the Journals of learned Societies, and in the works 
of Geological Surveys of nearly every civilized country. 

The progress of the morphology of the recent Echinoidea has 
been great, and it chiefly dates from the time of J. Muller (1854) 
and the subsequent publication of S. LoveVs ‘Etudes sur les 
Echinoi'dees 5 in 1874; it was maintained by the author of the 
* [Revision of the Echini,’ and much valuable new matter is to 
be found in the 4 Challenger 5 and ‘Blake’ Deports. Loven’s 
wonderful work on Fourtaleda and his later contributions, 
together with the results of the work of Sir Wy. Thomson, and 
of Messrs. Norman, Stewart, Ludwig, IL Carpenter, Sladen, 
Hamann, Sarasin, and Bell, and of some publications in the 
Journals of the Linnean and Geological Societies of London, 
have rendered some modifications in the terminology and of the 
taxonomic value' of certain structures absolutely necessary. 
It is the belief of all practical Echinologists that a work 
which would collect the generic descriptions of both the fossil 
and recent faunas, and which would revise and eliminate 
when necessary, by the light of modern morphology, is very 
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urgently required. Hence in this (i Revision of the Genera and 
great Groups of the Fossil and Recent Echinoidea ? ,J the Author 
has endeavoured to remedy an urgent want. He has had unusual 
advantages and opportunities for studying fossil and recent 
Eehinoidca; and in this endeavour to utilize them he is under 
great obligations to his friend A. Agassiz and to the able natu¬ 
ralists and palaeontologists connected with the British Museum, 
the Museum of Practical Geology, the Woodwardian Museum 
at Cambridge, to his colleague in the description of the Sindian 
Fauna, Mr. Percy Sladen, and last, but by no means least, to his 
kind and generous friend Sven Loven. 


Note. —It will be noticed that many genera no longer find a place in 
the classification, but are either removed entirely or placed as subgenera, 
and, as the intention was to limit the genera rigidly, very few new ones 
are introduced. In describing every genus, the name which comes inane" 
diately after the generic term is that of the founder, and when it is in roman 
type it may be as sumed that the original definition was improved by the 
naturalist whose name stands next. The names placed after the first one, 
even when this is not in roman type, are those of subsequent investigators 
and describes of species who have added to the value or have modified 
the original diagnosis of the genus. When any anatomical details have 
been described relating to a genus, the name of the investigator lias been 
added. The references, as a general rule, refer to the date, volume, and 
page of works in which there are illustrations; but, to save space, the 
number of the plate is not given, especially as it will be found upon the 
page referred to. The distribution of the genera has, of necessity, been 
considered, but the great geological formations alone are noticed in dealing 
with the fossil forms. A description of the terms employed in the classi¬ 
fication will be found at the end of the Essay. 

The synonymy adopted by A. Agassiz in his 4 Revision of the Echini/ 
1872-1874, is accepted. 

The classification of Dujardin et Ilupe, in 4 Les Suites a Ruffon/ was 
a useful but not critical literary work, being a compilation. M, Pom el’s 
<{ Theses/ 5 Algiers, 1888,, contain a classification which is not followed in 
this communication, for the fundamental methods employed do not com¬ 
mend themselves, it being impossible to admit genera which are not differ¬ 
entiated by characters which have a decided and important physiological' 
value. 


1* 
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Subkingdom ECHINOBEMAIA. 

Class ECHINOIDEA. 

Echinodermata with a solid or slightly flexible test covering the 
viscera, variable in shape from spheroidal-to flat, composed of 
numerous, closely placed, more or less geometrical plates of car¬ 
bonate of lime, covered with soft structures and carrying spines. 
Most of the plates arranged in several vertical series, reaching 
from the mouth to the dorso-central or apical system, constituting 
five ambnlacral and fire interradial areas. Other plates in the 
dorso-central system—the basal and radial and anal plates. With 
a mouth on the under or aetiual surface, rarely in front of the 
test, and an internal gullet and intestinal tract ending externally 
in an anus, which is either placed in the dorso-central system or 
somewhere in the posterior interradium. A madreporite body 
placed in the dorso-central system and in relation with a renal 
organ and with the water-system, which is partly within the test 
and partly external, in the form of branchiae and branchial 
tentacles. "With or without five teeth in jaw-pieces, which are 
moved by muscles connected with a connected or disconnected 
perignathic girdle. 

Unisexual or bisexual; the genital glands with ducts perforating 
the basal plates or opening beyond them j the young, either under¬ 
going metamorphoses and being free-swimmers, or found perfect 
upon the parent’s test. 

Marine: fossil and recent. 

I. Subclass. The Paljeeohihoibea, Ziftel (amended). 

Echinoidea with only one, or with more than two, vertical rows 
of plates in each of the five interradia, and with either two or 
many vertical rows of simple or compound plates in each of the 
five ambulacra; plates of the areas overlapping or not. Peristome 
aetiual. Jaws present. Periproct within the dorso-central 
system or in the posterior interradium beyond. 

II. Subclass. The Etjechthoidea, JBronn. 

Echinoidea with two vertical rows of plates in each of the five 
interradia, and a similar number of vertical rows of simple or of 
compound plates in each of the five ambulacra. Peristome actinal, 
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rarely anterior; jaws and teeth present or absent. ■ Periproct 
either within the dorso-central system or in the posterior inter- 
radium. 


I. Subclass FALMECHINOIDEA. 

The Paheeehinoidea have gradually become a great group 
winch is readily separable from all the other divisions of the 
Echinoidea. The first careful descriptions of its genera and species 
were given by McCoy in his “ Description of the Carboniferous 
Fossils of Ireland;” subsequently Baily, Meek and Worthen, Hall, 
and J. Muller added greatly to the knowledge of the anatomy 
and taxonomy. In 4 Les Etudes/ Sven Loven summarized the 
information which had been obtained up to 1874 and mainly 
followed McCoy’s classification. About the same time A. Agassiz 
gave some important notices of the Perischoechinidm, McCoy, 
then the only group of Palseechinoidea, in the 4 Bevision of the 
Echini’ (p. 644). In the course of his observations A. Agassiz 
criticised the classifications of previous authors, and very pro¬ 
perly drew especial attention to the discovery of J. Muller 
regarding the overlapping of the coronal plates of some genera, 
and he compared this phenomenon with the imbrication of the 
peristomial plates of Cidaris and of the coronal plates of 
the Eehinothuridse. It became evident that a new taxonomy 
of the group was necessary, and Messrs. E. Etheridge, Junr., and 
W. Beeping contributed papers (1874-6) to the Geological Society 
of London, in which the limits of the new classification were 
fairly stated. 

Discoveries of some remarkable forms, such as Bothiocidaris , 
Schmidt, 1874, Tiarechims^ Neumayr, 1881, and the reconsideration 
of EeUnocystites , 'Wy. Thomson, 1861, necessitated the intro¬ 
duction of groups which could not be placed as Perischoechinidse. 
Zittel gave an admirable classification in his 4 Palmontologie/ 
1876-80; and finally A. Agassiz introduced some pages in his 
Beport on the 6 Challenger ’ Echini, 1881, which are full of most 
valuable matter. He had the opportunity of studying the rare 
species described by American palaeontologists, of which plates 
and figures alone have been noticed by European geologists, and 
he brought to bear on their consideration a vast amount of 
knowledge about the recent Echini and especially of the Echioh- 
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thuridse. The descriptions of some genera by Meek and Worthen 
and McCoy require additions, in consequence of this work of 
A. Agassiz. 

The foundation of a classification upon the presence or absence 
of primary tubercles upon tests w r as due to McCoy, and it served 
its time ; but it was too artificial and permitted genera to be 
closely associated which had structural differences of great phy¬ 
siological importance. Tor instance, some genera with two and 
with more than two vertical rows of ambulacral plates were 
associated closely ; moreover, genera which had bevelled plate- 
edges, and where there was overlap, were associated with forms 
which had rigid tests and no overlap of plates. It must he 
admitted that too much has been made of the presumed and 
real imbrication of plates in classification. 

Whilst it is undeniable that our knowledge of the genera of 
Pakeeehinoidea has increased, it is still necessary to remember 
that any classification must be open to exception. It is not 
possible to place some of the genera in the same groups upon 
the admitted principle of the preponderating taxonomic value of 
the structure of the ambulacra, and, indeed, there must be some 
anomalous genera; but the following grouping is suggested as 
the best at the present time. 

All genera founded in reference to single plates or spines are 
not considered, and Eooidaris , KeyserL, is omitted, for it is a true 
Oidarid. Falwocidaris, Beyr., is synonymous with Lepidocentrus , 
J. Mfiller. Ferisehocidaris , Neum., is the same as Ferisekodomus , 
McCoy. Fchinocrinus, Ag., and Falceocidaris, Desor, are 
synonymous with Arclueocidaris , McCoy. Frotoechmus , Aust,, 
is the same as Faleeecldnus , Seoul. Melechlnus is Melonites, 
Norw. & Owen. Cyst ocular is, Ziti, is Fehinocystites , Wy. Tin 
Falceodiscus , Salter, which was intended for an Asterid genus, 
really contains some Echinoidean types closely resembling Feld- 
nocystites ; hut the position of the periproct is not known. 

The genera remaining after these removals and absorptions 
are classified under four orders of the subclass Palmechinoidea. 
Fotlmocidaris, a remarkable form from the Lower Silurian 
formation, requires, as Zittel has shown, a special group, and an 
order is established for it. The Perischoechinoida group them¬ 
selves with as little friction as possible into two families, the 
Arcbamcidaridse, with narrow ambulacra, and the Melonitida*, 
with more than two vertical rows of poriferous plates in an 
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ambulacrum. TiarecMnus, so ably described by Loven after 
Neumayr, is unique and must enter an order of its own. And, 
dually, the exocyclic JEchinocystites comes into tie order Cysto- 
cidaroida. 

It is certainly supremely interesting to find jaws and teetb iu 
these old forms and to be able to classify, thanks to Sir Wy. 
Thomson, an exocyclic gnathostome amongst the Palaeozoic 
Echinoidea, 

Glassification, 

Subclass PALJEECHINOIDEA. (Page 5.) 

Order L BOTHRIOCIDAROIDA. 

Genus Bothriocidaris, Schmidt. 

Order II. PERISCIIOECHINOIDA. 

Family ARCHiEOCiDARiDiE. 

Genus Lepidocentrus , J. Miiller. 

Koninckocidaris, Dollo & Buisseret. 
Perischodomus , McCoy. 

Archaocidaris, McCoy. 

Lepidocidaris , Meek & Wortlien. 

Lepidechinus, Hall, 

Pakeechinus (Scouler), McCoy (pars). 

Fhoechinus , W. Keeping. 

Family Melonitid/E. 

Genus Melonites , Norwood and Owen. 

Oliyoporus, Meek & Worthen. 

Lepidesthes , Meek & Worthen. 

Hybochinus , Worthen & Miller. 

Pholidocidaris, Meek & Worthen. 

Order III, PLESIOCIDAROIDA. 

Genus TiarecMnus , Neumayr. 

Order IV, CYSTOCIDAROIDA. 

Genus EcMnocystites t Viy. Thomson, 1861, 


Order I. BOTHRIOCIDAROIDA, 

M Schmidt , 1874; Zittd, 1876-80. 

Test regular, more or less spherical, solid; interradia with only- 
one vertical row of plates which «do not imbricate; ambulacra 
with two vertical rows of plates; plates united at their edges. 
Periproct in the central apical system. Peristome actinal, central. 
Jaws ? 



8 


PKOF. P. M. DTOCAfi’s BEVXSXOH OF THE 


Genus Bothbxocxdarxs, Eichwald, I860, Lethsa Bossica, p. 654 
Nr. Schmidt, 1874, Mem . /S7. Betersb. ser. 7, vol. xxi« 

no. xi. pp. 36-38. Zittel , 1876-80, Balceont. Bd. i. p. 481. 
Loveii, 1883, Potirtalesia , p. 57. (Slightly altered .) 

Test small, hemispherical or conico-hemispherical 

Apical system central dorsal, with five large broad radial plates 
limiting the periproct, each with two pores surrounded by a raised 
rim, with five small, imperforate, triangular basal plates inter¬ 
vening between the radial plates, entering or not the periproct. 
Six or eight ovoid, acuminate anal plates, each with a spiniferous 
tubercle. 

Ambulacra wider than the interradia, straight, with two rows 
of plates, large, hexagonal at the ambitus, and smaller above and 
below; each plate with a central circular pit, with a pair of 
pores on its floor, and with 2-4 small, perforate, wart-like 
tubercles, carrying finely longitudinally-striated small spines; 
around is some granulation. The ambulacra end clorsally at the 
large radial plates and actinally at the peristomial margin, whore 
they are moderately broad and exclude, by their contact, the 
interradial plates. 

Tentacles long and cylindrical. (Loven.) 

Interradia five in number, narrow, composed each of one row 
of plates subequal to the ambulacral, but smaller dorsally and 
actinally, excluded from the peristomial margin. Plates may 
have small tubercles and granules. 

Peristome subcircular, margin formed by the ambulacra; five 
narrow triangular buccal plates project inwards. 

Fossil . Lower Silurian: Europe. 

Order II. PEEISCHOECHINOIDA, McCoy , 1849, 

Ann. <$f Mag . Nat. Hist . vol. iii. (Amended.) 

Tests regular, with more than two vertical rows of interradial 
plates which are dissimilar ; with two or many vertical rows of 
ambulacral plates, each with a pair of pores. Test thick and 
rigid, or thinner and with the plates overlapping more or less. 
Ornamentation variable. Jaws present. 

Earaily Archjeocidarid je. 

Perisehoechinoida with narrow ambulacra, each with only two 
rows of poriferous plates. 
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Genus Lepidocentbtjs, J. Muller , 1856, Abhandl. d. lc. Aicad . 
i. JFm. Berlin , p. 258. A Schultze , 1867, Denies . ft. 

Akad. Wiss. Wien , voL xxvi. p. 128. Loven , 1874, Etudes , 
p. 89. Zittel , 1879, Balceont. Bd. i. pt. iii. p. 482. A. 
Agassiz, 1881, £ Challenger ’ Report , p, 79. {Amended.) 

Syn. Balceocidaris, Beyr. 

Interradial areas with from five to nine vertical rows of plates 
at the ambitus ; plates hexagonal, except close to the ambulacra, 
where they are quadrangular; imbrication aboral and also laterally 
from the median row ; some projection at and over the interradia- 
ambulacra! sutures. 

Ambulacra very narrow, two vertical rows of plates, low and 
broad, each with a pair of pores. Beyond the peristomial margin 
the plates are continued to the true mouth, no distinction being 
possible between coronal and peristomial plates. Tubercles of 
the interradia distant, there being two or three upon a plate near 
the ambulacra; the other plates carry only one or two. Spines 
subulate and small, but articulated upon tubercles. Jaws 
exist. 

Fossil. Devonian: Europe. Lower Carboniferous: U. States. 


Genus Koninckocidabis, Dollo Sf Buisseret , 1888, Compt. Rend . 
de VAcad\ des Eci. Nat , 26 Mars . 

Shape, apical disk, and jaws unknown. 

Ambulacra broad, with two vertical rows of imbricating plates ; 
a pair of pores to a plate near the interradial edge; the pores of 
the pair oblique, the adoral internal and separated from the other 
by an oblique ridge; interporiferous area projecting, carrying 
numerous secondary tubercles similar to those of the interradial 
plates. 

Interradia with seven vertical rows of polygonal plates at the 
ambitus, the median row the smallest; plates only twice as high 
as those of the ambulacra, imbricating, carrying rather distant 
secondary tubercles; the adambulacral plates carry a larger 
primary, perforated tubercle near their margin. Spines, some 
stouter than the others and doubtless belonging to the larger 
tubercles ; some very delicate and slender, striated longitudinally 
and more or less cylindrical. 

.Fossil Carboniferous Limestone: Europe (Belgium). 



10 


PEOE. P. M. DTTXCAH’s BEYISXOH OE THE 


Genus Pebischodomus, McCoy , 1849, Ann. Sf Mag. Mat. Mist. 
ser. 2, vol. iii. p. 251. W. Keeping , 1875, Quart. Joivrn. 
Geol. Soc. 1876, vol. xxxii. p. 35, pi. iii. figs. 1-5. Worthen Sf 
Miller , 1888, Geol. Sf Pal. Illinois , vol. vii. p. 333. (Amended.) 

Syn. Periscliocidaris , hFeum. 

Test spheroidal, depressed, subpentagonal in outline. 

Apical system central, with, five broadly pentagonal basal plates 
surrounding a small periproet, each with from 6-8 genital per¬ 
forations ; radial plates small; anal plates exist. 

Ambulacra narrow, straight, sunken, overlapped on either side 
by the interradia; plates in two vertical series, numerous, small, 
low, broad, and either regular in shape, elongate pentagonal, or 
wedge-shaped, the small end of one plate in contact with the large 
part of its neighbour; plates overlap from the apex actinally, 
each with a pair of pores in simple vertical series or slightly al¬ 
ternating ; surface minutely granular. 

Interradia broad, with five vertical rows of large scale-like plates 
at the ambitus, diminishing in number to two or three at the apex. 
Plates variable in thickness, thick or thin, convex and irregular in 
outline, those of the middle rows the most symmetrical, trapezoidal 
or depressed hexagonal; plates of the middle row overlap those 
of the row on either side and these the other rows to the ambu¬ 
lacra ; each plate also overlaps, with its aboral edge, the plate 
situated apically to it; the highest plates overlap the basal plates 
of the apical system. 

Ornamentation granular, homogeneous, and of small and also a 
few large, perforate, non-crenulate tubercles with a low, depressed, 
broad, conical boss, placed upon a circular serobieule. A larger 
tubercle upon some interradial plates close to, or in the second 
row from the ambulacra, or more Than one, often with a circle of 
the smaller kind near the edge of a plate. Jaws large; teeth 
large and grooved. Spines, some small, aciculate, and striated; 
others larger but still short, smooth and cylindrical, tapering, 
broadest interiorly, without a ring or collar, striated. 

Fossil. Carboniferous : Wexford, Ireland, and Clitheroe, Eng¬ 
land ; Scotland; Europe. 

(The diagram given by Keeping, op. cit. fig. 3, should be 
reversed.) 

The type specimen of P. biserialis, McCoy, in the Wood- 
wardian Museum, Cambridge, has a great adoral underlap of the 
interradial plates. 
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Genus Arciueocidaris, McCoy, 1844, Si/nop . Carl. Foss . JM. 
p, 178. Trautschold, 1868, Bull. Moscow, vol. xli. p. 467, 
J. Young , 1878, G^oZ. vol x, p. 302; Proc. Nat . 
JERstf. &>c, GZ«$y. vol. il pt. 2, p. 325, iZ. Etheridge , Jirnr., 
1874, QiwZ. Jowm. G<?oZ. $?<?. vol. xxx. p. 311, Loven, 1874, 

J Etudes, p. 43. W. Keeping , 1875, Quart. Journ. Geol Soc. 
voi, xxxii. p. 89. A. Agassiz , 1881, 1 Challenger" Report, 
p. 77. {With additions.) 

Syn. Echinoerinus , Ag.; Palceocidaris , Desor. 

Test large. Shape and apical system unknown. 

Ambulacra narrow, straight, reaching beyond the peristome to 
the true mouth; plates irregular, imbricating adorally, each 
perforated by two pores ; plates in two vertical rows. 

Interradia with from three to five vertical rows of large, thin 
plates, the median hexagonal and those of the rows nearest the 
ambulacra more or less pentagonal, diminishing in number 
towards the poles, and continued beyond the peristome as 
small plates. The median plates are bevelled over those on 
either side slightly, and these over others to the ambulacral edge, 
which may be raised ; the adoral edge of each plate with a broad 
groove for the reception of the corresponding aboral process of 
the next plate situated adorally; the plates within the peristome 
overlap towards the apex. Slits at the peristome for the external 
branchim. 

Jaws with, long, broad, grooved teeth, the pyramids rather 
short, upper foramen small, cheeks deeply cut. 

A large primary tubercle upon each interradial plate, having a 
low, conical truncated boss, supporting a narrower subconieal per¬ 
forated mam el on, surrounded by a wide groove; scrobicule large, 
almost flat; plate beyond with a circlet of secondary tubercles and 
large granules, with concentric striations or crenillations. Spines 
of the large tubercles large, long, slender, bluntly serrated on the 
longitudinal ribs, some spines smooth, and beyond the lower third 
striated and with rows of oblique spinules. The annular ridge of 
a spine may be crenulated. 

Fossil Carboniferous Limestone ; Ireland, Scotland, England, 
"Wales, Europe, and H* America (Upper Coal-measures, Illinois), 
Permian; England. 
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Genus Lepxdqcidakis, Meek § Worthen , 1889, Proc. Acad . fVbtf, 
Philad. p. 79; 1873, Geol Illinois, voL v. p. 478, 
pi. ix. fig. 15. 

Syn. Eocidaris, sens'll, Meek & W or then. 

A fragment of a very large test, spheroidal, depressed. Am¬ 
bulacra narrow, slightly convex; plates in two vertical rows 
feebly imbricated adorally, compound; the primaries alternate 
with demi-plates, which are pointed towards the median suture. 

Interradia very broad, with eight or nine vertical rows of plates 
or even more, hexagonal towards the median line and pentagonal 
close to the ambulacra, all imbricated aborally and laterally; but 
the lateral overlap is from the amhulacral edge to the central 
plates, which are overlapped on either side. A large central 
tubercle on each interradia! plate, with a small, perforated, central 
projection for the spine; the base of the tubercle surrounded by 
a circular smooth depression, bordered with granular mamelons. 
Primary spines long, cylindrical, slender, finely striated ; articular 
end perforated and swollen so as to form a distinct ring. Dental 
apparatus with the teeth grooved. 

Fossil, Lower Carboniferous Limestone: N. America. 

Genus Lepidechinus, Hall, 1861, Descr . new sp. Crinoidea, 
Prelim . note, Albany, p. 18 ; 1867, Twentieth Report State 
Cabinet New York, p. 295. Meek Sf Worthen, 1866, Geol 
Surv . (Pal) Illinois, vol. ii. p. 291 (reference to Hall). 
Meek Sf Worthen , 1868, Geol. Illinois, vol. iii. p. 522 (note). 
Loven, 1874, Etudes, p. 44. R. Etheridge, Junr 1874, 
Quart . Journ. Geol Soc . vol. xxx. p. 312. Keeping , 1875, 
Quart . Journ . Geol Soc . 1876, vol. xxxii. p. 36. 

Test large, spheroidal. 

Apical system pentagonal, made up of several ornamented 
plates, also a circle of small plates within the periproctal ring. 

Ambulacra narrow, straight, with two vertical rows of small, 
low, broad plates imbricating, the adoral edge of one plate over¬ 
lapping the aboral edge of the plate below it. A pair of pores 
to each plate. 

Interradia very broad, composed of from nine to eleven vertical 
rows of plates, diminishing considerably in number apically, the 
plates nearest the ambulacra smallest; the plates imbricating 
laterally from the Median series and from pole to pole, the 
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median plate overlapping at its sides its neighbours, and the 
aboral edge of each plate overlapping the adoral edge of the plate 
above. Tubercles on each of the plates of the numerous rows 
above the ambitus, and absent below, except upon the plates 
nearest the ambulacra, where they are solitary. Dental apparatus 
unknown. 

Fossil. Upper Devonian and Lower Carboniferous: N. 
America. Carboniferous: Europe (Belgium). 

Genus Famechiiots, Scouler, MBS. 1839. McCoy , 1844, Synop. 
Carl. Foss « Ireland , p. 171 (pars). Baity , 1864, Join. Boy . 
Geol. Soc. Irel. vol. i. pp. 63-65; 1865, Geol. Mag. vol. ii. 
p. 42. Meek § Worthen , 1866, Fal. Illinois , vol. ii. p. 229. 
De Koninck , 1869, Bull. Acad. Brucc. vol. xxviii. p. 554. 
B. Ftheridge , Junr 1874, Quart. Journ. Geol . Soc. vol. xxx. 
p. 311, pi, xx. Loven, 1874, Btudes , p. 40. IF". Keeping , 
1875, Quart. Journ. Geol . vol. xxxii. (1876), p, 37* 

Duncan , 1889, <$* ilihy. AT«A ILsA ser. 6, vol, iii. 

p. 196. {Amended.) 

Syn. Frotoechinus, Aust.; Typhlechinus, Neum. 

Test moderate to very large, prolate or oblate spheroidal, rigid^ 
thick. 

Apical system central, with a pentagonal periproct sur¬ 
rounded by five large basal plates, each perforated by three canals, 
or one plate may have but one perforation; five small, donbly 
perforated radial plates, placed either’ within the periproctal 
ring or not separating the basal plates; the anal membrane with 
concentric plates, largest externally. 

Ambulacra narrow, straight, convex along the median line and 
sunken in the poriferous zones, composed of two vertical rows of 
very numerous low, thick plates of different shapes; these are 
either primaries, all of which reach the ambulacro-interradial 
suture as well as the median ambulacral suture, or alternate 
plates which are more or less blocked out from the inter- 
radial suture, by the increased dimensions of the outer parts of 
the plates above and below; or there may be demi-plates and 
more or less perfect primaries in the same ambulacrum, the demi- 
plates being large at the interradial sutnre and short and pointed 
towards the median ambulacral line, the primaries being long and 
may not reach the interradial suture; compound plates rare. 
Pairs of pores, in two vertical rows, on each side of an ambu- 
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lacrum; the outer pairs either in demi-plates or in primaries, 
the inner pairs always in primaries, which may, however, be short; 
the outer row is associated with the plates, which form decided 
salient angles at the ambulacro-interradial sutures; pores of 
pairs separated by distinct septa and without peripodia, always 
distant from sutures. Ornamentation of ambulacra of small 
granules and one or more transverse rows of a few very small 
tubercles consisting of a flat scrobicule and a small boss. 

Interradia broad, convex, with from five to eight vertical rows 
of thick tumid plates diminishing in number towards the poles ; 
middle plates hexagonal, the adambulacral pentagonal and with 
the ambulacral edge with salient and reentering angles to fit the 
corresponding structures of the ambulacral plates ; some obliquity 
of the edges of all the plates, but no true overlap. Ornamentation 
of numerous small, close tubercles with a flat scrobicule and a 
boss ; there may be a linear ornamentation also; spines small, 
acicular, short. Jaws and teeth with a groove. 

Fossil. Upper Silurian: England. Carboniferous Limestone : 
England, Ireland, Scotland, Europe; N. America. 

The reasons for restricting the species of Falceechiniis to those 
with two vertical rows of pairs of pores on each side of an ambu¬ 
lacrum and for insisting upon the presence of radial plates have 
been considered in a late publication (Ann, & Mag. Nat, Hist, 
ser. 6, vol. iii. p. 196, 18S9), and the necessity for enlarging the 
interesting genus Mhoeclmms , W. Keeping, has been shown in 
the same place. The genus Mho echinus now admits the forms 
of Palseechini with only a single vertical row of pairs of pores on 
each side of an ambulacrum, such as P, elegans , McCoy. 

Genus Ehoechikus, W. Keeping, 1875, Quart. Journ. Geol. Soc. 
vol. xxxiL (for 1876), p. 37. JDimcan , 1889, Ann. cf Mag. 
Mat, Hist. ser. 6, vol. iii. p. 205. (Amended.) 

Test small or moderate, spheroidal. 

Apical system with five basal plates with several perforations; 
radial plates with more than one perforation; periproctal ring 
formed by both radial and basal plates or only by the basal plates. 

Ambulacra narrow, straight, composed of a vertical row of 
plates on either side of the median line; plates low, broad, thick, 
primaries only; a vertical row of pairs of pores on each side of 
an ambulacrum, a pair to each plate. 

Interradia with from four to five rows of plates diminishing at 
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the poles, irregular in shape or hexagonal in the median line and 
polygonal at the arnbulaeral edge. Ornamentation of small 
grannies with occasional small bosses surrounded by a flat 
scrobicule; plates obliquely bevelled at the edges, admitting of 
slight overlap. 

Fossil. Carboniferous Limestone: England and Ireland. 

Family Melonitidhj. 

Perischoec! 1 inoida with broad ambulacra composed of many 
vertical rows of poriferous plates. 

Genus Melonites, Norwood Owen , 1846, Amer . Journ. 2 ser. 

vol. ii. p. 225. Neele Sf Worthen , 1866, Pal. Illinois , vol. ii. 
p. 227. Quenstedt, 1872-75, Petr. Deutsch . Abth. i. vol. iii. 
p. 381, pi. Ixxv. figs. 44-50. LovSn, Etudes , 1874, p. 41. 
B. Etheridge , Junr 1874, Quart. Journ . Geol. Soc. vol. xxx. 
p. 313. W. Keeping , 1870, Quart. Journ. Geol. Soc. vol. 
xxxii. p. 395. 

Syn. Melecldnws, Quenst. 

Test very large, ellipsoidal, grooved longitudinally; plates 
thick. 

Apical system central, with five equal, pentagonal, tall basal 
plates with a corresponding number of intervening radial plates ; 
genital perforations of the basal plates varying in number from 
three to five, a single pore to a radial plate. Periproct circular. 

Ambulacra broad, concave on both sides of a median ridge, 
with ten or more vertical rows of rather geometrical or of small, 
low, broad plates, thin or thick, each perforated near its centre 
by a pair of pores, median rows the largest; some slight imbrica¬ 
tion of the plates. 

Xnterradia with seven or eight or nine vortical rows of plates, 
diminishing in number towards the poles, thick, small, hexagonal 
near the median lines, pentagonal next to the ambulacra and the 
edges festooned there for the zigzag of the arnbulaeral suture. 
Some obliquity of the edges of the plates, especially when thick. 
Ornamentation of very small, distant, mamillate, imperforate 
tubercles; on the ambulacra they are close, and upon scrobicular 
circles. Spines minute, acicular. 

Peristome central. Jaws large, and with stout pyramids, 
teeth large, grooved, and long, pointed. 
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The obliquity of the edges of the interradiai plates is slight, 
and its direction and amount are insufficient for imbrication; 
the ambulacra! plates, when thin, have some imbrication adorally 
and laterally. 

Fossil. Carboniferous: England, Europe; 1ST. America. 

Genus Oxjgoporus, Meelc Sf Worthen , 1860, Froc. Acad. Wat, 
Sci. Philad . vol. xii. p. 474; 1866, Fal. Illinois , vol. ii. 
p. 247. 

Test with the same general shape as Melonites , and the apical 
system also. 

Ambulacra with four vertical rows of plates, each plate per¬ 
forated by a pair of pores, some demi-plates amongst the pri¬ 
maries. 

Interradia large, convex, with from five to nine vertical rows 
of plates at the ambitus, diminishing in number towards the 
poles. 

Fossil. Lower Carboniferous: N. America. 

Genus Lepxdesthes, Meelc § Worthen , Pal. Illinois , vol. iii. 
p. 522. 

Test ellipsoidal ? 

Ambulacra very broad, consisting of ten vertical series of plates 
at the ambitus ; the plates overlap adorally, and they are broad, 
small, low, and each has a pair of pores. 

Interradia comparatively narrow, with five or six vertical rows 
of plates, which overlap aborally and at the sides. Tubercles 
very small, equal. 

Fossil . Carboniferous : 3S\ America. 

The next genus requires careful consideration, for it was 
founded partly by "Worthen, whose name is so familiar to 
students of the Palseechinoidea, and yet contains characters 
which appear to be due to the same cause which led some excel¬ 
lent observers into error with regard to the nature of the imbri¬ 
cation of the Echinothuridm. 

It appears that it is quite possible that the distinguished 
American paleontologist may have seen the plates of his type 
from within, and, if so, it accounts for the character which he has 
given the type, of the plates overlapping in a direction contrary 
to all other Palseechinoidea. Worthen and Miller, after noticing 



GENEBA. AND GBQTOS 01 s THE ECHINQIBEA. 


17 


this anomaly, observe that the direction of the overlap is the 
same as that seen in Eehinothuridge. Now there is no doubt 
that this mistake about the direction of the overlap of the ambu- 
lacral and intorradial piates in Eehinothuridse originated with 
the late Sir Wyville Thomson, who wrote in ‘ The Depths of the 
Sea/ 1878, p. 158, that the overlap was of “ the plates of the 
interambulacral are® from the apical pole towards the mouth s 
those of the ambulacral arese from the mouth towards the apical 
disk/’ He referred, for the purpose of illustration, to his figure 
28 (on p. 157). Unfortunately this figure is of part of the inside 
of the test of Calveria ( AstJienosoma ) hjstrix , Wy. Th. The 
direction of overlap is always considered in relation to the out¬ 
side of tests. In XS74 Mr. E. Etheridge, Junr. (Quart. I ourn. 
Geol. Soc. vol xxx. p. 807), quoted Sir Wyville Thomson’s words, 
and it became generally believed that the overlap of the plates 
of the Eehinothuridse was in the opposite direction to that of the 
Perisehoeehiiioidea. But Sir Wyville Thomson also wrote in 
1874 (Phil. Trans. Boy. Soc. p. 730), after the publication of Mr. 
Etheridge’s paper, as follows“ The plates of the interambulacral 
areas overlap from the mouth towards the apex, and the am¬ 
bulacral plates in the opposite direction.” A. Agassis also 
pointed out that the overlap is normal. Again, the most striking 
character of Worthen and Miller’s genus is the projection in the 
form of humps of the ambulacra near the apex. But that con¬ 
dition is so anomalous that one is tempted, especially after the 
explanation of the abnormal overlap, to believe that the reverse 
condition should be seen from outside, and that the humps are 
really marsupia seen from within the test. The genus as defined 
by its authors is given, but the remarks just made should have 
their weight. 

Genua Hybochehts, Worthen $ Miller , 1883, Geol Sf Pal of 
Illinois , vol. vii. p. 331. 

Test flexible, subspheroidal, consisting of 5 ambulacral and 
the same number of interradial areas; protuberances at the apical 
ends of the ambulacra (possibly marsupial cavities ). 

Ambulacra composed of numerous (10) ranges of alternating 
and overlapping plates, and even more at the ambitus ; each plate 
perforated in the central part by a single pair of pores. The 
plates imbricate from below upwards (probably from above 
downwards). 

LINN. JO ITBN. —ZOOLOGY, VOL. XXIII. 
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Interradia one half as broad as the ambulacra, with five or 
more vertical rows of overlapping plates, which diminish in 
number towards the poles; the plates imbricate from above down¬ 
wards (probably the reverse) and from the central range outward. 

Surface covered with small granules for the articulation 
of minute spines. Jaws consisting of large sub triangular, 
truncated, conical pieces deeply furrowed towards the ends and 
perforated in the central part. Genital plates probably with four 
pores. The spines minute and acieular, 

Fossil Carboniferous : FT. America. 

Genus Pholidocidaeis, Meek Sf Worthen , 1869, Proc. Acad Sci. 
Philad. p, 78 (under Lepidocentrus) ; 1873, Gcol. Illinois 
(. Pdlcsont .), vol. v. p. 510, pi. xv. fig. 9. Loven , Etudes, 
1874, p. 40. Ziitel, 1879, Palwont. Bd. i. p. 482. 

Fragments belonging to individuals of from 90 to 100 milli¬ 
metres in diameter. 

Interradia with five or more rows of plates imbricated aborally 
and laterally, granular, thin, rounded, convex, unequal, those 
nearest the ambulacra three or four times the size of the others, 
elliptical, higher than broad, projecting. On one surface 
(ventral?) there are primary tubercles one to a plate, placed 
centrally, and perforated, and surrounded by two smooth rings; 
similar tubercles on the opposite surface of the test only on the 
ambulacral plates. Spines subulate, finely striated longitudinally. 

Ambulacra broad, with six vertical rows of small plates, variably 
shaped, oval, rhomboidal, or with the angles rounded; plates 
imbricating adorally; with a moderate-sized mamelon, and the 
pores in single or sometimes double pairs, in a depression. 

There are also small spines and small buccal scales present. 

Fossil. Inferior Carboniferous: N. America. Type F. irre¬ 
gularis, Meek and Worthen. 

There is a singular question about the zoological position of 
Palceodiscus , Salter, for the late Sir Wyville Thomson placed it 
as a synonym of Ecliinocystites. There are specimens in the 
Museum of Practical Geology, Jermyn St, and in the British 
Museum; and it is tolerably evident that there are forms there 
which simulate the typical Palceodiscus , which Salter decided to 
be an Asteroid. Two of these forms in the British Museum are 
associated, and properly so, with the Palseechinoidea, but are 
flattened, badly preserved semicasts. The interradial parts have 
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several vertical rows of plates and the ambulacra are narrow, and 
with a multitude of small, low plates each perforated minutely by 
a pair of pores; as there are two pairs of pores on each side of 
the median line and placed nearly horizontally, the presence of 
two vertical rows of ambulacral plates on either side of the 
median line must he admitted. The peristome presents some 
appearance of jaws. There is not enough to define a new genus 
from, and certainly the reason for placing the forms in JEchino- 
ci/stites is not apparent. The alliance is with OUyoporus , but it 
is necessary to wait for better specimens. (See JSchinocystiles.) 


Order III. PLESIOCIDAROIDA. 

Test small, subhemispherical, solid, with a large apical system, 
having large united hasal plates and a central periproct. Ambu¬ 
lacra narrow, and with two vertical rows of poriferous plates. 
Interradia with a single peristomial plate, followed by three 
plates separated by vertical sutures. Large tubercles on the 
actinal surface. 

Genus Txahechihus, JSFeumayr , 1881, Sitzunysb. d. hats. Ahad . 
d. Wiss . Wien, 1882, Bd. 84, Heft i. p. 09. Lovin , Foarta- 
lesia , 1883, Kongl . SvensJca Yetensh.-Ahad. Handl, Bd. six. 
pp. 11, 04, pi. xiii. 

Test small, fiat actinally and slightly elliptical in marginal 
outline, subhemispherical dorsally. 

Apical system very large, extending nearly halfway to the 
ambitus ; periproetal space small, pentagonal; basals very large, 
the posterior the smallest, hexagonal, forming a very broad ring; 
genital pores two in number, one in the basals 1 and 8; radial 
plates pentagonal, notching the union of the basals slightly; pores 
absent. 

Ambulacra band-like, equal, but the posterior pair are closer 
together than the others; straight, broadest at the peristome, 
made up of two vertical rows of numerous low, broad primary 
plates, each with a pair of pores and a small plain tubercle. 

Interradia broad, actinally composed of a single peristomial 
plate, above which are three tall plates only, one median and the 
others at its sides* Ornamentation, a plain primary tubercle 
to each plate at the ambitus and actinally; elsewhere the test 
is coarsely granular, including the apical system. Sutures very 

2 # 
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Invisible; test solid-looking. Peristome large, oval-elliptical,, 
without branchial incisions. 

Fossil. St. Oassian-Trias: Europe. 

It is to be observed that the single species of this genus, 
T.princeps, Laube sp., was diagnosed from specimens 3*8 millim. 
in height, 5*2 millim in length, and 4*9 millim. in breadth. 

Order IV. CYSTOCIDAEOIDA, Zittel, 1876-81. 

Test irregular (exoeyelic), globulaT or ovoid, thin, flexible (?) ; 
madreporite central and dorsal. Ambulacra narrow, and with, 
two vertical rows of poriferous plates. Iuterradia broad, with 
numerous vertical rows of scale-like moveable plates ; periprocfc 
in the posterior interradium above the ambitus. 

There has been a difficulty made about the name of the 
principal, if not the only, genus of this family. Vyville Thomson 
defined the genus very well in 1861, and employed the term 
FcJiinocystites, which was a good one. In 1864 Hall called a 
genus of Cystidea by the name already occupied by Wy. Thomson’s 
genus. In 1876-80 Zittel, in his 4 Palseonfcologie,’ p. 480, altered 
Wy. Thomson’s term to Cystocidaris > and noticed the fact about 
Hall’s using the name EeJiinocystites , although it was preoccupied. 
Certainly Wy. Thomson’s name must continue, and Hall’s 
Cystidean will have to be called by something else, and Cysto- 
cidaris must lapse according to the ordinary rules of nomen¬ 
clature. 

Genus Echinoctstites, Wy. Thomson , 1861, Edinb. Neto Phil . 
Journ. n. ser. vol. xiii. p. 108, pis. iii., iv. (non Echinocystites, 
Hall , 1864). 

Syn. Oystocichms , Zitt.; Palceodiscus, Salt, in Wy, Thoms, op. 
cii. p. 116*, 

Test large, spheroidal or ovoid, thi n, flexible. 

Apical system central and dorsal, apparently consisting of a 
large madreporite only. 

Ambulacra narrow, straight; plates numerous, small, low, in 
four vertical rows, a central pair of pores in each plate, and 

* The genus Pal&odiscus, Salter, 1857, Ann. & Mag, Nat, Hist. ser. 2 
vol XX. p, 332, was considered by Wy. Thomson in the same essay as that 
which contained the description of Eehiimystites, and the solitary species was 
stated to, be flexible and the teeth were as chisels,, 
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therefore four vertical rows of pores two an each side of a median 
groove. 

Interradia with numerous, 6-8, vertical rows of scale-like 
lozenge-shaped or irregular plates, each with a small primarj 
tubercle surrounded by a scrobicule; granules present, and the 
spines short, sharp, striated, and serrate. The areas appear to 
unite apically. 

Peristome central, retinal, small, pentagonal or stellate, sur¬ 
rounded by marginal ambulacra! and interradial plates; dense 
sheaves of short spines at the fedge. Jaws highly developed, five 
pyramids; the inner, oral surface of the pyramids with strong 
spines * or with striated chisel-shaped teeth. Periproct large, 
on a low pyramidal protuberance in an inter radium, at about 
one third of the diameter of the test from the peristome. 

Fossil, Upper Silurian: Scotland. 


II. 

Remarks upon the Sabclass Euecltmoiclea, the five Orders, definitions, 
and of the Suborders of the second Order. Order I., the Oidaroida ; the 
Family Cidaridfle. Section I. Genus Cidaris (note on the classification). The 
seven, divisions of the genus; definitions: Subgenus Goniocidaris. Other genera. 
Section II. Order II., the Diadematoida. The Suborder Streptosomata; con¬ 
siderations regarding the anatomy and classification. The Family Echmothu- 
ridse, and Subfamilies PelatiechininsB and Echmothurini©; the description of the 
genera. 


II. Subclass EUECHINOIBEA . 

The classification of the Euechinoidea, like that of many of the 
great groups of Irmrtebrata, can be generally natural and 
definite; but an artificial method seems to be necessary, occa¬ 
sionally. Some of the “ Orders ” are well defined by characters 
of considerable anatomical and physiological value, but others 
are of unequal relative value, are perhaps too comprehensive, and 
Suborders have to he founded. 

The Orders Cidaxoida and Clypeastroida, amongst the Gtaatho- 
stomes, are well defined, but the discovery of the Brs. Sarasin 

* The spines at the oral surface of the pyramids are accidental, and the 
result of crushing. 
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regarding the internal branchiae of the Echinothurxdse and 
Ludwig's remarks concerning the rudimentary nature of these 
organs in some Biadematidae, coupled with the knowledge that in 
some genera of this great family the internal branchiae are not 
seen, renders it impossible to classify upon the old grounds* 
The difficulty is where to place the Echinothuridae, and the Tem- 
nopleuridae, Eehinometridse, and Echinidse in reference to the 
Diadematidse and close allies, and the Saleniidse. It is the opinion 
of A. Agassiz that the Echinothuridce should be placed close to 
the Diadematidse and not with the PalseechinoidsBa; and it ap¬ 
pears to be justified by facts. But the flexible forms with the 
ambulacral plates continued to the mouth are, as a group, not of 
the same taxonomic value, in reference to the Diadematidm, as the 
other families just mentioned. The Echinothuridce have sub- 
ordinal characters. On the other hand, it is not possible to 
separate the Echinidse, Echinometridse, and Tenniopleuridas from 
the Diadematidse; and they all belong to a suborder. , * 

There is at present no other method possible than to separate the 
G-nathostomes which are endocvclic, and which have continuous 
perignathie girdles and external branchiae, into two Suborders, 
In one the test is flexible and the branchiae are both external and 
internal; and in the other the test is rigid, and the internal 
branch he are either small, rudimentary, or absent. 

A difficulty occurs amongst the Exocyclic genera, and there is, 
at present, no satisfactory‘classification possible of some of the 
Exocyclica without teeth. 

It appears to be straining a point to separate such a genus 
as Disco idea from the Order which contains llolectypus , but the 
perignathie girdle of the last-named and its jaws and teeth 
differ from those of the first-named genus. In Discoidea there is a 
perignathie collar with possibly the relies of ambulacral pro¬ 
cesses ; but it is the opinion of Mr. Percy Sladen and the author 
of this Eevision that no jaws were present. Loven is of a dif¬ 
ferent opinion, hut still no jaws have been found.. It is not 
possible to place Dcliino conus with either of these genera, for 
the ambulacra and the peristome differ, it has most rudimentary 
auricles, and the perignathie girdle is reduced to more or less 
defined interradial ridges, and the genus was jawless. Discoidea 
was a transition form, between the Gnathostomes and the Suborder 
of Cassiduloidea, and part of the dental apparatus was abolished, 
and degeneration of the perignathie girdle occurred. To place 
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the genus in a separate Suborder is not advisable; and it is 
perhaps best to enlarge the definition of the Order, which con¬ 
tains llolectypus as a type, so as also to include the genera with 
perignathic girdles of more or less continuous collar-shape, without 
jaws. At present our knowledge of the genera Galempygm 
and P achyclypens is so defective that the} r must remain imertm 
sedis. 

The abolition of the toothless Irregulares (Exocyclica) as a 
group assists the definition of the Cassiduloidea, for Phyllo- 
elypeus, Gonolampas, and even Echinoconm can enter it, only 
the latter genus being, possibly, somewhat artificially placed. 
The separation, made many years since by Desor, between 
the Oassiduloids with a floscelle and without that important 
peristomial character, holds good, aud the only difficulty in the 
taxonomy is to place the few genera which have, besides some 
Cassiduloid characters, the dissimilarity of the ambulacra charac¬ 
teristic of the Spatangoida, and variable apical systems, such as 
JSolampas , Archiacia , Glaviaster , Asterostoma , &c. These genera 
are aberrant, yet they link the Cassiduloidea with the Spatan- 
goidea in an Order. They form a new Family, the Plesio- 
spatangidse. 

The classification of the great group of Spatangoidea—a Sub¬ 
order—has been rendered difficult in consequence of the discovery 
of the abyssal forms. Under the hands of Loven* and A. Agassiz f 
the suborder has become manageable, and its Families are those 
of the Ananchytidsc, Spatangidae, Leskiidse, and Pourtalesiid©. 
The Spatangidse contain four well-marked types, but they do not 
appear to be worthy of subfamily distinction, for their separating 
characters are rather artificial and are of unequal value. The 
divisions are those insisted upon by Loveii, namely, the genera 
without fascicles, those without a subanal fascicle, those with 
a subanal fascicle, and those which are apetaloid. These are 
the divisions of Adetes, Prymnadetes, Prymnodesmia, and 
Apetala. 

The attempt is made, in this revision, not to overvalue the 
characters of perforation and crenulation or of the plain and 
imperforate nature of primary tubercles. The physiological value 
of crenulation is very slight, it often occurs or is absent in the 

* { Etudes ’ and ‘ Fourfcalesia.’ 

t Report on the * Challenger * Echini. 
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same species and specimen, and it and the opposite condition will 
not distinguish genera for the future *. 

The nature of the ambulacra! plates, the arrangement of the 
pairs of pores, and the shape and functions of the tentacles are, how¬ 
ever, considered to he of great taxonomic importance. The great 
importance of the radial plates, formerly erroneously considered 
to have a reference to an optic organ instead of a prim ary tentacle, 
is not admitted; and M. Pomel is not followed when he endeavours 
to establish genera and subgenera upon the entrance or not of 
one or more of the radial plates within the periproctal ring. 
Following A. Agassiz, the structure and shape of the spines are 
considered of secondary importance in classification, and genera 
are not separated on account of dissimilarities in the spines, 
nearly or quite all other structures being the same. These 
remarks will account for a proceeding which may take some 
palaeontologists by surprise, namely, the absorption of Pseudo- 
diadema into the previously diagnosed genus Diadema, and the 
union with this last of many subgenera which were formerly 
considered to be genera. 

II. Subclass ETTECEINOIDPA . 

I. Order.—Euechinoidea with an actinal, central peristome and an 

abactinal periproct, situated within the dorso-centrai system; 
with internal branchiae only, and having jaws and more or 
less vertically placed teeth, and a discontinuous peri gnathic 
girdle; the interradial as well as ambulacral plates continued 
beyond the peristome to the true mouth. Spheridia absent. 
Endocyelic, anecto branchiate, G-nathostomes, 

CIDABOIDA. 

II. Order.—Euechinoidea with an actinal, central peristome and 
an abactinal periproct situated within the dorso-central 
system; with perfect or rudimentary or absent internal 
branchiae, with external branchiae and incisions in the peri¬ 
stome ; with jaws and teeth and a continuous peri gnathic 
girdle; ambulacral plates alone continued beyond the peri¬ 
stome , or as separate buccal plates. Spheridia present. 
Endocyelic, ectobranchiate, G-nathostomes. 

DIADEMAIOI3DA. 

* Ann. k Mag. Nat. Hist. 1888, pp. 120-122. 
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1. Suborder Streptosomata. —Test more or less flexible, with 

external and internal branchiae. Ambulacra! plates alone 
continued beyond the peristome to the stoma. 

2. Suborder Stereosohata.— -Test rigid, with external bran¬ 

chiae and rudimentary or absent internal branchiae; with 
isolated buccal ambulacra! plates. 

III. Order.—Euechinoidea with an actinal, central peristome, 
and the periproct situated beyond the dorso-central system 
in the posterior interradium; with external branchiae; with a 
pair ot pores or only one pore to an ambulacral plate ; with 
feeble jaws and vertical teeth, or without these structures ; 
witli a variably constructed perignathic girdle. Spheridia 
present. Exocyclic, oligoporous, Eetobranehiata. 

HOLECTYPOIDA. 

IV. Order.—-Euechinoidea with an actinal peristome, a perl- 
proct situated beyond tbe dorso-central system, in the pos¬ 
terior interradium ; with external branchiae; with tentacular 
pores in the interradia, and more than a pair to an am¬ 
bulacral plate; tentacles heteropodous in arrangement; 
with more or less horizontal and rarely vertical teeth, 
and with jaws situated superiorly to the disconnected 
perignathic girdle. Spheridia present. Exocyclic, petalo- 
branchiate, poly porous, Grnathos tomes. 

CLYPEASTEOEDA. 

V. Order.—Euechinoidea with an actinal or a frontal peristome, 

and a periproct situated beyond the dorso-central system, 
in the posterior interradium; without external branchiae, 
jaws, teeth, and perignathic girdle. Spheridia present. 
Exocyclic, anectobranchiate, hTodostomata. 

SPATANGOIDA. 

1. Suborder OASSiDirnoiDEA. 

2. Suborder Spatangoidea. 
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Subclass II. ETJMGEWOIDMA . 

Order I. CIDAEOIDA (p. 24). 

Family C idaeidje, Agassiz Sf Desor, 1846, Gated. RaisAnn. 
BgL Nat. yoI. vi. p. 325 (pars). Jok Wilier , 1854, Abk ct 
7c. AJcad. d. Wiss. Berlin , p. 123. Besor , 1858, Synopsis, 
p. 2 (pars). JFyiu Thomson , 1874, BUI. Trans, vol. elxiv. 
p. 720. A. Agassiz , 1874, Revision, pp. 251 & 384 (pars)*. 

Test spheroidal; the ambulacra narrow, with two vertical rows 
of very numerous low plates, which are primaries, and rarely 
become compound, united by their edges, each with a pair of 
pores arranged in single and rarely in double series; other plates 
continued from the peristome to the true mouth and imbricating, 
besides being perforated; interporiferous areas with large and 
small granules only. 

Interradia broad, with few plates in two vertical series, most 
with a large primary, scrobiculate tubercle, carrying a large 
spine, secondary tubercles and granules with smaller spines ; 
plates united at their edges; some broad and low plates con¬ 
tinued from the peristomial margin to the true mouth, and 
imbricating. 

Apical system large, with five basal plates and five radial 
plates, each with a perforation; periproet in the midst, covered 
with plates. A madreporite in the right anterior basal plate. 

Jaws with the foramen of the pyramid small, and not closed 
in by epiphjrses; teeth grooved; perignathic girdle discontinuous, 
with a bifid process on each interradium only. Bran eh ire in¬ 
ternal; tentacles subheteropodous f. Peristomial branchial inci¬ 
sions and external branchiae absent. Spines variable. Splieridia 
absent. 

* A. Agassiz pointed out in the ‘Revision * that the anatomical researches of 
Johan. Muller rendered a correct definition of the family Cidarklm possible. 
But nearly all the definitions which have been recorded have been too synthetic. 
Since A. Agassiz gave such a mine of information regarding the recent germs 
Cidaris and its subdivisions, there has been a general movement towards simpli¬ 
fication, The old subfamily “ Stdmidm ” has been eliminated and the fossil and 
recent Cidaridse form a tolerably homogeneous group. In tho Report on the 
‘ Challenger ’ Echini, 1881, A. Agassiz remarks concerning tire branchial slits at 
the true mouth of recent specimens of Gidaris (p. 53)Whether it is these 
organs (gills) which find their way through the cuts or not, in our Florida 
species, I am unable to state; and a renewed examination of living specimens 
will be necessary before we can settle this interesting question.” 

t The definition of terms is given at the end of this Essay. 
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Order CIDAEOIDA. 

Family Cidarida:. 

Section I. Ambulacra! pairs o£ pores unisonal. 
Genus Cidaris . 

Subgenus Goniocidaris . 

Genus Orthocidaris. 

Temnocidaris. 

Polycidaris. 

Section IT. Ambulacra! pairs of pores biserial. 
Genus Diplocidaris. 

Tetracidaris . 


Section I. 

The first genus of the Cidaridm is Cidaris, Agassiz and Desor, 
1846; and it is a very large one. Nevertheless it is well dif¬ 
ferentiated from any other genus; and it would be easily de¬ 
fined bad not a series of artificial divisions, raised to the dignity of 
subgenera and even of genera, been employed to group the species. 
It is best to give the amended generic definition, and then to 
consider the grouping of the species. 

Genus Cidaris, Klein, 1734 (pars); Lamarck, 1816 (pars); 
Gray, 1825 (pars). Agassiz <$f Desor , 1846, Cat. Dais., Anti* 
Sci. Nat. vol. vi. p. 325. J. Muller, 1853, JBau. d. Bek., 
Abhl. d. Tc. Alcad. d. Wiss . Berlin, pnb, 1854, p. 123. 
Desor , 1858, Synopsis, p. 3. A. Agassiz, 1872-74, Decision 
erf the Behind, p. 252 ; and 1881, 1 Challenger ’ Deport , p. 33. 
G. Stewart, 1871, Quart. Bourn. Micr . Sci. n. s. vol. xi p. 54; 
and 1879, Trans. Linn . Soc. vol. i. p. 569. Loom, 1887, 
Bch. desor. ly Binnceus, pp. 138,146. 

Syn.:— Bbcidaris, Desor, 1858 *; Anaulocidaris , Zittel, 1884 f; 

' Discocidaris, Doderlein, 1885 J; Schleinitzia, Studer §. 

Syn., when employed as genera and not os artificial divisions:— 
Stephanocidaris, A. Agassiz ||; Dhahdocidaris, Desor IT; Leio- 

* Synopsis, p. 155. t N. Jalirb. f. Min. Bel. ii. p. 132. 

| Areliiv f. Haturg. Wiegm. 1885, Heft i. p. 82. 

§ Monatsb, d. k. Akad. d. Wiss. Berlin, 1877, p. 463. 

|j Revision, p. 393. 

®[f Synopsis, p. 39; and^ de Boriol, 1883, Cat, Rais. d. Ech. reo. a file 
Maurice, p. 7, 
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eiiaris , Desor # ; PliyUacanthus , Brandt f ; Dorocidaris , A, 
Agassiz 

Test variable in size and thickness, spheroidal, depressed or talk 

Apical system large, either flat, and with the large geometrical 
basal plates weakly united, or solidly sutured; the radial plates 
large, separating the basals or not, and in the first case often 
touching the outer periproetal plates which may intrude. Basal 
pores large; the madreporite in the right anterior basal plate; 
the periproct pentagonal, variable in size, numerously plated. 

Ambulacra narrow, undulating or nearly straight, composed of 
very numerous broad low primaries, which are perforated by 
single pairs of pores, the pores being variable in their distance, 
and may or may not be united by a groove; poriferous zones 
broad ; interporiferous areas with vertical rows of distinct granules 
which are small, and may have rudimentary maroelons. The 
plates are continued beyond the peristomial margin to the edge 
of the mouth, and are low, broad, imbricating, and each is pierced 
by a pair of pores. 

Interradia broad ; coronal plates few, from 5 to 11, in each of 
the two vertical rows, each with a primary tubercle, scrobiculate, 
and perforate, may be crenulated or not. Scrobicule large, often 
sunken, its margin with small secondary tubercles and large 
granules; the space beyond the scrobicules with large miliary 
granules. 

Peristome large, without branchial incisions; the interradial 
plates continued beyond the peristome to the mouth, small, low, 
imbricating, in double series. Spheridia absent. 

Perignathic girdle discontinuous ; auricular processes upon 
the interradia. Pyramids of jaws unclosed above by epiphyses ; 
teeth grooved. 

Spines of the ambulacra, the scrobicular circle, the miliary 
zones, and of the plates beyond the peristome very similar, small, 
straight, blade-of-oar-shaped, very close; and those of the scro¬ 
bicules cling around the primary spines. Primary spines very 
variable, even in the same species, with a calcareous network 
internally and solid outside, lamellary, or fluted externally, and 
variously spinuled, granulate, laminated, some whorled; long, with 
a cylindrical or angular section, pointed or blunt; or very short, 

* Synopsis, p. 48. 

t Prodr. "d. Act. d. VAcad, St. Petorsb. 1834 (Additions), p. 267* 

$ Envision, p. 254, 
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clubbed, and large at the blunt end; fusiform, sharp, or blunt; 
cylindrical and blunt, with spinules, thorns, and granules or 
disk-shaped expansions, or cup-shaped at the end, with spines 
radiating ; or long, flat, expanding, furrowed and spinecl. 

Tentacles disciferous actinally, and gradually becoming non- 
prehensile and branchial. Pedieellarise large, tridactyle, geinini- 
form, and small and blunt-headed. 

Sexes separate or not; young usually undergoing metamor¬ 
phoses, rarely not, and then found upon the parent. 

Fossil. Permian: Europe. Trias: Europe, Asia Jurassic to 
Post-pliocene : England and Europe, N. Africa, Asia. Cretaceous 
to Tertiary: N. America, Egypt, and W. Africa. Tertiary: 
Australia. 

j Recent. World-wide. 


Every writer upon the classification of the Echinoidea since Desor has 
complained of the unsatisfactory attempts of some of the most distin¬ 
guished authorities to subdivide the genus Cidaris . The subdivisions 
gradually became subgenera; and of late these have received generic 
importance. The divisions were made upon very unimportant external 
characters; and subsequent research has proved that these structures, the 
variations of which led them to be considered of good diagnostic value, 
are of no physiological importance+. The presence or absence of perfo¬ 
ration and crenulation of the primary tubercles, and the connection of the 
pores of pairs by a groove, or their disconnection by a-granule or swelling, 
have really been the main features relied upon to establish divisions, sub- 
genera, and finally genera. Common observation will satisfy anybody 
that crenulation is not invariable upon the same test in many instances; and 
it is a mistake to believe that it is a structure which relates to the strength 
of the spine-muscles. These are attached to the edge of the scrobicule, 
and are inserted just below the milled ring of the spine ; and they have 
nothing to do with the crenulation. This appears to add to the attach¬ 
ment surface of the membrane of connective tissue which closes the ball- 
and-socket joint of the spine and tubercle. 

The grooving, or the reverse condition, between the pores of a pair is of 
no physiological importance whatever; and it is frequently impossible to 
decide whether the pores are connected by a groove or hot. 

Any classification in which these characters are used is artificial. 

The number of interradial coronal plates is of physiological importance; 

* Bochkins — Cidaris has been found in the Salt Range, British India, 
t Duncan, 1888, Ann. & Mag. Nat. Hist. vol. i. p. 124. 
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and there is a great temptation to consider typical Cidarids as having but 
a few, say not more than seven, in a vertical row. 

But all the other structures, or the varieties of structures, are to be noticed 
in combination with few or many plates. The spines of some species 
are apparently so peculiar that they have been used as classificatory data 
of primary importance; and one subgenus 1ms been founded upon them. 
But A. Agassiz very properly now lays down the law that Cidarids cannot 
be classified by their spines alone. The nature of the apical disk is very 
different in some Cretaceous and recent species: in the former it is solid, 
and with a tall basal ring and a small pentagonal periproct in some well- 
known forms; and in the latter it is large, flat, with feebly united plates, 
the radial plates sometimes separating (with or without the assistance of 
some periproctal plates) the basals. But there is every link in the inter¬ 
mediate chain of structures to be seen, and even in the same species there 
are variations in relation in the position of the basals and radials, entry 
or not of the latter taking place within the ring. The size of the miliaries 
and the occasional want of perfection of the tubercles of the interradial 
plates close to the apes cannot be of any great importance. 

Both Lamarck and Agassiz, and subsequently Besor, insisted upon the 
subdivision of Cidaris , in reference to the condition of the primary 
tubercles and the grooved or not nature of the test between the pores of 
pairs. Desor thus established Rkabdocidaris and Lew cidaris ; Brandt 
established the subgenus Phyllacanthus from the nature of the spines and 
straightness of the ambulacra. A. Agassiz decides against Leiocidaris , and 
adds to the diagnosis of Phyllacanthus ; and he introduces Dorocidaris, 
which is a true Cidaris with non-crenulate tubercles. Be Loriol and 
M. Cotteau have both altered the range of diagnosis in Rkabdocidaris and 
Leiocidaris; and the first-named naturalist decides against Leiocidaris 
and Phyllacanthus. 

It appears, after having given the subject careful consideration, that 
none of these divisions is worthy of a true subgeneric, position, but that 
Rkabdocidaris, Leiocidaris , Dor ocularis, Stephanocidaris , Phyllacanthus 
(Brandt), A, Ag., and Porocidaris are fairly useful artificial divisions. They 
are synonyms of Cidaris , however. Goniocidaris is a good subgenus. 


I. Division. Typical Cidaris . 

If the system of subdividing the genus artificially is adopted, 
the typical species will be those with a small number of inter- 
* radial coronal plates (5-8), and with the ambulacra more or 
less undulating, the pores of pairs rather close and separated 
by a nodule or ridge, and the primary tubercles perf orated and 
erenulated. 

The other divisions will be as follows:— 
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IL Division. Sjn. Genus Bhahdocidaris , Desor, 1818, Synopsis, 
p. 39. 

Large swollen tests, often as high as broad; remarkable on 
account of the particular structure of the poriferous zones, 
which are broader than in true Cidaris , the two pores of a pair 
being distant, and linked by a groove which is small and hori¬ 
zontal. Ambulacra in general straight or slightly heinous. 
Tubercles large, always strongly erenulated (at least in the 
fossil species), and proportionally more numerous than in true 
Giclaris. Scrobicules large, often elliptical. Miliary zone 
broad. Spines very stout, some cylindrical or prismatic, and 
furnished with dentations or spines, and others in the shape 
of oars, either simple or with spines at the base. Articular 
facette very large and strongly erenulated. Keck little or not 
constricted.—(Type, Cidaris copeoides , Cott., and C. guttata , 
Cott.) 

III. Division. Syn. Genus Leiocidaris , Besor, op. eit. p. 48. 

Large tests, with smooth tubercles; but they differ from 
Cidaris because the pores of a pair are linked by a small groove, 
as in BJiabdocidaris. Miliary zones very broad. Spines as 
large smooth cylinders, resembling those of Heierocentrotus. 
Desor defines Leiocidaris as ShaMocidaris with tmcrenulated 
tubercles.—( Cidaris canaliculata , Dune. & Sladen, Doss. Ech. 
Sind, Pal. Xnd. ser. xiv. p. 109, 1884, is a good type.) 

1Y. Division. Syn. Subgenus Dorocidaris , A. Agassiz, 1872, 
Kevision, p. 254. 

Ambulacra! median area narrow; a small number of inter- 
radial plates; scrobicules sunken, and median space also. 
Tubercles without crenulatioms, and the pores of a pair without 
an intermediate groove. It will be observed that the spines 
are very variable in this division. 

Dorocidaris is a true Cidaris , with no crenulation on the 
tubercles.— {Cidarispapillata, Leske, is the type.) 

V. Division. Syn. Genus Stepkanocidaris , A. Agassiz, 1872, 
Eevision, p. 898. 

Test thin. Apical system larger than the peristome, the 
plates feebly united, and the whole flexible; the polygonal 
basal plates separated by large radial plates.— {Cldark lispi » 
nosa, Link., is the type.) 
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VI* Division. Sjn. Subgenus ThijUaccmthus , Brandt, 1834, 
Rec. cl. Aetes del’Acad. Imp. d. Sci. de St. Petersb., pub. 
1835, Additions, p. 267; A. Agassiz, Revision, 1873, p. 387. . 
(Amended.) 

Test large, swollen, comparatively thin, and with the maximum 
of coronal plates, 8-11. Apical system large ; the basal plates 
in contact, or separated by radial and anal plates. Ambulacra 
almost straight or very slightly undulating, broad; the pores in 
a broad zone, and united by a groove. Primary tubercles 
of the interndia large, perforate, non-ereiiulatecl, acrobicular 
circle large, areola sunken, mamelon small. Miliary area wide. 
Spines mostly solid, the primaries varying greatly in shape 
and size, cylindrical, triangular, flattened in section, elongate 
or club-shaped, blunt or pointed; flutiugs strong, either as 
simple striaticn, or as continuous or broken lamellae variously 
projecting, sometimes forming secondary spinuies.—(P. duhia, 
Brandt. See lovdn’s remarks upon the subgenus in 4 Echin. 
described by liinnms,’ 1887, p. 148.) 

TIL Division. Syn. Genus Forockhris, Desor, Synopsis, 
pp. 46, 47. Wy. Thomson, 1874, Phil. Trams, p. 726. 

Ambulacra broad and straight; pores wide apart, united by a 
groove. Primary imterradial tubercles with small perforate and 
erenulated mamelons; the scrobicules more or less transversely 
oval, with shallow grooves more or less defined, radiating from 
the periphery towards the centre, along the flank of the 
tubercles, with or without pores or depressions at the outer 
, extremity of the grooves. Some spines flattened, with strongly 
serrated edges, resembling the smaller peristomia! spines of 
Cularu'papillaia. —( Oidarispurjpurata , "VVyv. Thoms., the type.) 


Subgenus Goniocidabts (genus), Desor, 1846, Agassiz cf Desor, 
Cat. Dais. dkEe7i., Am. d. Sci. Dai. vol. vi. p. 337. JAitken , 
1864, Ved. Med. f. Nat. Ejobenh. p. 137. A. Agassiz , 1873, 
Revision, p. 305. 

Test high ; coronal plates numerous; ambulacra narrow ; the 
median sutural regions of interradia and ambulacra sunken, 
forming with the horizontal sutures a zigzag, culminating in 
pit-like depressions at the angles of junction of the sutures. 
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Spines variable, either long, cylindrical, and pointed, the sur¬ 
face having thorns, pointing irregularly outwards, or short, stout, 
cylindrical or flat in outline, with enlarged cup-like tops with a 
fringe of strong radiating spinules; spinules in vertical series 
along the stems or restricted to the edge, in the flat specimens. 

Viviparous, unisexual. 

Fossil Tertiary : Sind, Asia. 

Recent. Philippines ; Indian Archipelago; East Indies; Aus¬ 
tralia, K South Wales ; Tasmania; Falkland, Marion, and Ker¬ 
guelen Islands ; Patagonia; Antarctic Ocean ; ISTatal; Zanzibar. 

Wy. Thomson and Studer discovered about the same time, in 
1876, that Goniocidctris was viviparous, and that the young were 
carried upon the apical system, protected by the upper spines of 
the test, until their full development took place. Studer, 1876, 
Berk Akad. Monatsb. p. 455, noticed the large genital openings 
covered by a thin membrane; and Thomson described the method 
of carrying the young, and that the female genital openings 
notch the edge of the basal plates (Journ. Linn. Soc. vol. xiii. 
1876; and Voyage of the ‘ Challenger,’ vol. ii. p. 228). It is 
necessary to admit the unisexual nature of the species*. 

G-enus Obthocidaris, Gotteau , 1862, Fed. Frcmg., Terr . Cret. 
vol. vii. p. 364. 

Syn. Hypodictdema , Desor (pars). 

Test moderate and sub spherical. 

Apical system flush, pentagonal, small. 

Ambulacra narrow, straight; interporiferous area with small 
granules, which may have inamelons, placed in several rows and 
without order ; pairs of pores in simple straight series, the pores 
separated by a granule, in low primary plates. 

Interradia very broad, plates numerous; primary tubercles very 
small, perforate and plain, distant, occupying a small portion of 
their plates; the serobicules small and circular; the miliary areas 
large, and the granules with mamelons. 

Peristome small, narrow, without branchial incisions; the 
interradia! lips the largest. 

Fossil. Lower Cretaceous: Europe. 

* Genus Diseocidaris , Doderlein, from Japan, has large outer anal plates and 
disciform ends to the primary spines; and it is a Cidaris. Anaulocidaris, Zitfcel, is 
too close to Cidaris to be considered otherwise than a species. 

Schleinitzia, Studer, is a Cidaris . 

Eocidaris, Keyserl., now appears to have all the requisite structures to classify 
it with Cidaris, and thus the genus is carried back in time to the Permian age. 

LIOT\ JOURH,—ZOOLOGY, VOL. XXIII. 3 
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The next three genera are not satisfactory. 

Genus Temhqciuabis, Ootteau, 1863, Pal. j frang., Terr . Or it. . 
voL vii. p. 855, 

Test large, spheroidal. 

Apical system large?, flush, wider than the peristome 

Ambulacra suMexuous, # narrow; poriferous zones broad, the 
pairs of pores in simple series; interporiferous areas with small 
granules placed without order, except a larger row near the 
poriferous zone. 

Interradia large; tubercles numerous and large, plain aha'" 
scrobiculate ; miliary areas large and minutely granular, marked 
with linear depressions. 

Peristome moderate, subcircular. Numerous small shallow 
circular pits in the miliary areas and in the interporiferous areas, 
but scattered without order, and not in relation with the sutures 
or their angles of junction. 

Fossil. Cretaceous: Europe. 

The pits do not resemble those of the Temnopleuridse; and 
there is a suspicion of their post-mortem origin. Certainly the 
test, apart from the pits, is that of a Cidaris. 

Genus Polycidaeis, Quenstedt , 1858, Ber Jura , p. 644, tab. 79. 
fig. 69; 1874, Petr . DeutscM. p. 216, tab. 69. figs. 10-42. 
Ziitel , 1879, Palosmi . Bd. i. Lief. iii. p. 496. 

Coronal plates low, broad, numerous in the broad interradia 
(9-15), two vertical rows of primary tubercles which are per¬ 
forate and crenulate, and with scrobicules which run the one 
into the other vertically. Median interradia! area smooth, 
between broad angular zones. 

Ambulacra very narrow, straight; pairs of pores in simple 
series; pores separated by a nodule; interporiferous areas with' 
two vertical rows of rery small and numerous tubercles or 
granules. 

Fossil. Oolite: Europe,* 

* Leptocidaris, Quenst, 1858, pi. 90. fig, 10 ; 1874, Petr. DeutscM. p. 232, 
tab. 69. figs. 71-71#. This mme was given to a fragment in which the coronal 
plates are numerous and low, and the pairs of pores are in simple series. 

In Quenstedt’s last work, 1874, the anatomy of an ambulaeral plate is given, 
and it is not that of a Ciclarid. The genus is placed after the Hemicidaridm, 
p. 55. 
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Family Cidabid^i. 

Section II. 

The ambulaeral pairs of pores biserial. 

Genus Diplocidabis, Desor , 1854-58, Synopsis, pp. 45 & 489. 
Cotteau , 1862, Rev. et Mag . Zool. vol, xiv. p. 185, pi. 10. 

Test large, spheroidal, wider than high. 

Apical system large, solid, pentagonal, flush. 

Ambulacra narrow, straight; poriferous zone as broad as the 
interporiferous area ; pairs of pores very numerous, close, biserial, 
alternating more or less, placed in low primary plates which 
are single actinally, and which form compound plates elsewhere, 
these being double or triple combinations of low primary plates. 
Interporiferous area narrow', with two vertical rows of large 
granules with mamelons and a narrow, bare median space. 

Interradia broad ; plates few, high, 7-8 ; two vertical rows of 
large, perforate, scrobiculate, primary tubercles, which may or 
may not be crennlated, in each area; miliary zones large, with 
scattered granules. 

Peristome narrow, with narrow ambnlacral lips ; branchial 
incisions absent. Jaws strong; the foramen of the pyramid small 
or absent. Perignathic girdle with interradial ridges only, and 
they are notched and bilobed. 

Spines long, thick, cylindrical, granular, and pustulate in longi¬ 
tudinal ridges. 

Fossil Oolite: England ?; Europe ; N. Africa. 

The next genus is placed here provisionally ; it has four coronal 
interradial plates in each interradium, but not in every part of 
the areas; and the nature of the peristome is unknown in the 
species. The shape and the construction of the ambulacra are 
very remarkable ; and it must be remembered that A. Agassiz 
found divisions in the interradial plates of Astropyga mdiata, 
(‘ Challenger 9 Echini, pi, x a. fig, 9,1881). 

Genus Tetbacidaeis, Cotteau , 1872, Rev. et Mag. de Zool ser. 2, 
vol. xxih. p. 445, pi. 29. 

Test large, circular in equatorial outline, tumid, broader than 
high, depressed, spheroidal. 


8* 
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Apical system central, large. 

Ambulacra straight, moderately broad; poriferous zones de¬ 
pressed, pairs incompletely biserial; plates low, primaries nu¬ 
merous. Interporiferous area narrow, granular, and with a 
vertical row of small plain tubercles, placed near each poriferous 
zone. 

Interradia with numerous very large crenulate and perforate 
primary tubercles, in scrobieules, separated by a narrow median 
zone with few miliaries ; there are four vertical rows of tubercle¬ 
bearing plates as far as the ambitus, diminishing thence to 
the apex by two. The plates are numerous, in vertical suc¬ 
cession (10), 

Peristome F 

Spines narrow, elongate, subcylindrical, keeled. 

Fossil . Cretaceous : Europe. 

This is a very suggestive, but at the same time, on account of 
the defective anatomical details, a most unsatisfactory genus. 

The resemblance to Astropyga and the very non-Cidaridean 
characters of the ambulacra render the classification merely 
provisional. (See Astropyga, p. 78.) 


Order II. DIADEMATOIDA (p. 24). 

It is impossible to proceed with the classification of the next 
important group of genera of this Order without some remarks 
concerning the anatomical characters of the Streptosomata and 
the method of classifying the Family Diadematidm of the Stereo- 
somata. The late Dr. S. P. Woodward described a flexible 
Echiuoid from the Chalk in 1863, and the knowledge regarding the 
recent forms commenced with Grube, who described Asthenosoma 
in, 1868. Then the dredgings of H.M.S. £ Porcupine J revealed to 
the late Sir W y. Thomson the extraordinary spectacle of a panting, 
plate-moving form, which he called Caheria. The descriptions 
of the species, which turned out to belong to Asthenosoma , were 
published in the Phil. Trans. 1874, and illustrated. The impor¬ 
tance of the u imbrication 55 of the plates was inculcated, and the 
bearing of this structure upon the classification of the Family, and 
upon the possible alliances with the Perischoechinidas, was rather 
overstrained. Unfortunately the very arduous life and necessary 
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absence from England of Sir Wy. Thomson prevented him from 
giving more time to the study of the specimens, so that some 
errors were published. It is evident, however, that the mistake 
made about the direction of the imbrication of the plates in £ The 
Depths of the Sea 9 was corrected in the Phil. Trans. 1874. But 
the description and drawing of the continuation of interradial 
overlapping plates beyond the peristome to the true mouth were 
unfortunate and so was the failure to recognize the external 
branchiae. Some of the internal structures were described, such 
as the series of longitudinal muscles running up the sides of 
the ambulacra, and having to do with the positive motions of 
the plates one over the other; but, incomprehensibly enough, 
the huge internal branchiae were not recognized, and their dis¬ 
covery has fallen to the Drs. Sarasin in 1888! A. Agassiz, in his 
Deport on the Challenger Echini, 1881, considered the question 
of the amount of the imbrication of the plates of the Echino- 
thuridse—its cause, nature, and its relation to bevelling in thicker 
Palssechinoidea. These phenomena were exhaustively and most 
judiciously explained. 

Nothing can be more definite than the description of A. Agassiz 
of the construction of the test of Astlienosomci pellucidum, A. Ag. 
Tie remarks that the test is remarkably thin, and that even in a test 
of the diameter of 64 raillinn the plates do not give the test any 
degree of solidity. The examination of a specimen of Phormo - 
soma luculentim , A. Ag., in the British Museum proves the com¬ 
paratively large size of some of the interradial plates, but they are 
excessively thin, consist of very open reticulate carbonate of lime, 
and they thin off at the edges, the calcareous structure being lost 
in the membranous part of the plate. This membranous part is 
continuous between plates, and the soft edge of one plate merges 
into the corresponding membranous part of the neighbouring 
plate, 

In Asthenosoma coriaceum , A. Ag, ( c Challenger ’ Deport, 
pi, xvii. a. figs. 5-7), the amount of soft interplate tissue is con¬ 
siderable; in some places the plates show an extremely small 
calcareous part, and the excess of soft tissue is great. The semi¬ 
transparency of some species, when kept in alcohol, is remarkable, 
and the calcareous part of the plates is seen to he surrounded by 
a greater or less amount of soft movable, but probably not 
extensible, connective tissue—that is, of uncalcified plate-area. 
The flexibility of such tests is considerable in large parts of them, 
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and it is of course less when the pressure is localized ? they may 
be bent inwards and swell out elsewhere correspondingly. During 
life, movements of the test occur, and it is doubtless due to the 
contraction and dilatation of the internal longitudinal muscles, 
noticed and drawn by Wj. Thomson, and so well described and 
drawn by the Drs. Sarasin, as well as to gravitation. During 
this contraction and also after death the edges of the plates, 
especially the transverse edges, are approximated and slip over 
or under each other as the case may be. Nothing can be clearer 
than the drawings of A. Agassiz in regard to Phormosoma tenue 
( fi Challenger 5 Eeport, p. 98, pi. xviii. a. figs. 1-13). The whole of 
the transverse edge of a plate overlaps that of its fellow in suc¬ 
cession. The fig. 4 has no overlap of edge, fig. 5 has it slightly, 
but not figs. 2, 7, 8. The amount of overriding is small, and is 
assisted to a small degree by the thinning of the edges of all the 
plates, but there is no such thing as a bevelled thick edge. 

In the drawing given by Sir Wy. Thomson (op. cit. 1874, pi. Ixv. 
fig. 2), which shows the inner part of a test of Asthenosoma below 
the ambitus, the pairs of pores situated in the transverse sutural 
spaces are not forced out of their direction; hence the overriding 
must be very slight there. There is, on the other hand, definite 
but limited overlap of the interradial plates. The amount of 
interplate membrane varies in the species of Phormosoma, and it 
is less on the whole than in those of Asthenosoma , and yet the 
amount of overlap is only partial in this genus. The species 
Phormosoma rigidum , A, Ag., has a significant name, and it is 
evident that the interplate membranes are reduced to their 
utmost; there is no appreciable space between the plates in the 
drawing (Eeport on the 4 Challenger 5 Echini, pi. xii. a. figs. 1-4, 
p. 104); all the other generic characters are present, but this is 
not a flexible and “panting” form, and has most significant 
alliances with the Diadematidse. 

The pistol-shaped outlined plates of Asthenosoma do not imbri¬ 
cate on most of their transverse edges, but the overlap is perfect 
at the median line of both areas, and a flap of plate must be more 
or less permanently overlapped or underlapped by another there. 
The ambulacral plates within the peristome, clearly overlap, 
and in order that the movement shall be uncontrolled there, the 
tentacles are associated with pores which are seen upon the plates 
themselves, and they are not upon the interplate structure. 

In both genera of recent Echinothuridas a special character 
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is the imperfect calcification of plate areas; the plates are 
therefore surrounded by soft tissue, and that of one plate is coxl» 
tinuous with those of its neighbours, without close suturing. 

It must be admitted that the overlap in Astropyga is rather an 
overstrained analogue of that which occurs in Asthenosoma; it is 
slight and persistent in Astropyga , and there is no movable soft 
tissue between the plates. 

The interesting work of the Drs. Sarasin upon Asthenosoma 
shows that the longitudinal internal muscles have to do with 
the movements of the plates. The same authors discovered 
five large tubular branchiae (Stewart’s organs), passing out below 
the <£ compasses ” and occupying much vertical space in the am- 
bulacral areas, so that an exaggerated condition of what was 
formerly considered peculiar to the Cidaridse prevails. The outer 
branchiae were well drawn by A. Agassiz. The jaws and teeth 
resemble those of Cidaris , but the perignathic girdle has arnbu- 
lacral processes, besides ridges upon the interradia. The want of 
interradial peristomial membrane plates is another important 
character which separates the genera from Cidaris ; and the 
ambulacra! plates differ entirely in their method of construction 
from those of that genus, and approach those of the Diadematidas 
very slightly. The construction of the apical system is almost 
anomalous. 

It is certainly not correct to state that the alliance of the Echi- 
nothnrids8 is close with the Palaeeehinoidea, for there is but 
slight resemblance between the thick-plated forms of Archseo- 
cidaridee and the group now under consideration. Even those 
genera of the Perischoeehinoidea with bevelled plates which 
are all thicker than those of the Eckinothuridse, show no evidence 
of defective calcification nor of the presence of interplate, movable 
membrane, and the structural characters of Asthenosoma , for 
instance, are scarcely recognized. A. Agassiz has shown that 
considerable bevelling occurs in some thick-plated spherical 
Mesozoic and recent Eckinoidea, and it does not appear to have 
been accompanied by movement and flexibility. Pelanechims of 
the Oolites is the earliest known Echinothurid, and it is more 
Diadematoid than its successors. 

During the Oolitic age there was evidently much variability 
in the structures of the ambulacra of the original Diadematidse, 
and the entrance of the radial plates within the periproctal ring 
was not uncommon. It appears more reasonable to place the 
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Echinothiiridm near the Diadematidae, granting some atavism, 
than to station them at the end of the Palseechinoidea; the 
alliance is with the first group, and the descent was probably not 
through the line of Cidariche and Saleniidae. 

The presence of rudimentary internal branchiae in Diadema, 
according to Ludwig and the Sarasins, is another link with the 
Diadematidae. It is proposed to place the Echiuothuridse in 
a suborder of the G-nathostomes with external branchiae, the 
Streptosomata. 

With regard to the Family Diadematidss and its 36 fairly- 
defined groups, it may he said that the artificial method of classi¬ 
fying with the aid of crennlation and non-crenulation of tubercles 
gives way to the natural method in which the structure of the 
ambulacra! plates is of primary taxonomic importance. Six 
former genera become sub genera, and the recognized genera are 
grouped in 4 very useful Subfamilies (p. 59). 

I. Suborder Streptosomata (p. 25). 

Family E chi not hue id je, Wy. Thomson , 1873, Depths of the 
Sea, p. 164; 1874, Phil . Trans* Boy. Soc . vol. chriv. pt. 2, 
\ p. 730. A. Agassiz, 1881, Deport on i Challenger 9 Echini, 

x -p. 71. Ludwig, 1880, ZeitscJir . fur wiss. ZooL vol. xxxiv. 
P. St F, Sarasin , 1888, Erg elm. Natuno. ForseL auf Ceylon , 
Bd. i. Heft 3, p. 129. 

Moderate to very large, tumid or very depressed, thin, flexible 
tests. The apical system with the plates usually separated. 
Coronal plates with membranous edges, with imperfect develop¬ 
ment of the calcareous element, which is highly and openly reti¬ 
culate and usually thin. Ambulacra! plates simple or compound, 
with small plates intercalated in the membranous areas, and 
tentacle-bearing, simple, low, perforated plates, within the peri¬ 
stome, imbricating adorally. Tentacles triserial and heteropodous. 
Interradial plates variable in shape, variably overlapping and 
in the opposite direction to the ambulacra! plates. External 
branchiae small, internal very large. Spheridia may be present. 
A series of internal longitudinal muscles. Jaws with a small 
foramen without epiphyses, teeth grooved * perignathic girdle 
continuous. Spines short, may he sheathed and capped or not 
at the end, hollow and largely cellular within and with solid wedges 
externally. Epistromal structures often highly developed. 
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Subfamily JPelaneehininm. 

Syn. Felamchinidm , Groom, 1887, Quart. Journ. GeoL Soc. 
vol. xliii, p. 708. 

The ambulacra! plates compound above the peristome, those 
near the apex consisting of an adoral primary and six aboral 
demi-plates; plates near the ambitus large and pentagonal, with 
the pairs of pores triserial (in three ranks), the demi-plates remotest 
from the ambulacro-interradial suture, isolated. 

Genus Pelanechinus. 

S ubf amily Kc h i n othu r i n cb. 

Ambulacral plates above the peristome; abaetinally with a 
single large primary associated with two small demi-plates, which 
are placed in the transverse membranous areas; actinally with 
a primary plate associated with one or usually two demi-plates, 
which are situated in or near the ambulacro-interradial sutural 
line, or remote and isolated, or arrangement confused. Pairs 
of pores triserial. Plates within the peristome low primaries, 
each with a pair of pores. 

Genus Echinothuria. 

Phormosoma. 

Asthenosoma. 

Subfamily Id elanech in inm (supra). 

Genus Pelastechinus, Keeping, 1878, Quart. Joimi . Geol. Soc. 
vol. xxxiv. p. 924. Groom, 1887, ibid, vol, xliii, p. 703. 
(Adapted.) 

Test large, circular, tumid, depressed, thin, flexible. Apical 
system wanting. 

Ambulacra less than half the width of an interradium, still 
broad at the peristome, beyond which they are continued, 
Apieally the plates are composed of an adoral primary and two 
aboral demi-plates, and at the ambitus there are nine components, 
three of which are primaries, some demi-plates isolated; through¬ 
out the poriferous zones to the peristome, the pairs of pores are 
triserial; beyond the peristome the ambulacra! plates are simple, 
broad, and perforated, the pair of pores in each oblique, A vertical 
row of plain primary perforated tubercles on either side of the 
median ambulacral suture. 
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Interradia with, numerous coronal plates whie^ a p@ low, "broad, 
and imbricating more or less, and with four vertical rows of plain 
primary tubercles at the ambitus, resembling thdvse of the ambu¬ 
lacra, and diminishing in number and size actinally knd abactinally, 
some secondary tubercles. \ 

Peristome large; branchial notches deep. Jaws jjbowerful, with 
grooved teeth. Spines small, hollow, longitudinally striated. 
Pedicellarise small, tridactyle around the peristome, Qgemmiform 
orally, large tridactyle ah orally. 

Fossil . Oolite: England. 

The above generic definition has been taken mainly from Mr. 
Groom’s admirable description of the solitary species. 

Subfamily Echinothurince (p. 41). 

Genus Echiwxhtjeia, 8, P. Woodward, 1868, Geologist, vol. vi. 
pp. 827-880. Wright , 1870, Fal . 8oe.,Brit. Foss. Boh* Oret , 
Form. p. 124. 

Test large, plates imbricating, in both areas and in opposite 
directions. Apical system wanting. 

Ambulacra wide at the ambitus, narrower towards the peri¬ 
stome ; plates rather high; complete overlap of the adoral edge 
of one plate upon the corresponding aboral edge of the actinally 
placed plate, no space left; overlap of the outer edges of the 
plates by the interradial plate edges. A pair of pores in a primary 
plate and two pairs in small demi-plates in the position of the 
adoral suture. Buccal plates imbricating and perforated, ambu¬ 
lacra! only. Tubercles small and scanty. 

Interradia with larger plates, each in contact throughout its 
breadth with the plate above and actinally, and overlapping in the 
contrary direction to the ambulacral plates. Tubercles rare, not 
large, perforated, the same actinally as dorsally. Spines cylin¬ 
drical, striated, with a milled ring. Jaws stout. Ornamentation 
scanty, and similar actinally and dorsally. 

Fossil, Upper Cretaceous: England. 

Genus Fhobmosoma, Wy. Thomson, 1878, Fhil Tram . Roy. Soc. 
vol. clxiv. pt. 2, p. 782 (1874). A. Agassiz, 1881, Report on 
4 Challenger 5 Echini, p. 91; Report on 4 Blake 1 Exped. Echini, 
1888, p. 85. 

Test small to large, thin, more or less flexible, tnmid or 
depressed dorsally, flat actinally, circular or polygonal in ambital 
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outline; the structures of the abactinai and actinal surfaces 
differing. Plates numerous, thin, and surrounded by membrane, 
imbricating mc^ orless. 

Apical system star-shaped, large; plates united by membrane; 
basals projecting into the interradial median line, separated from 
the radials by periproetal plates and membrane; madreporite 
large. Periproct with small spine-bearing plates. 

Ambulacra straight, broad; plates low abactinally, high and 
complicated actinally; a pair of pores in each plate, and a pair 
in each of the two small accessory plates along the adoral or the 
ambulacro-interradial suture; buccal plates continuous with those 
of the ambulacra, low, broad, pore-penetrated, overlapping. 
Primary tubercles of the interporiferous areas few, small, larger 
at the margin, more numerous aetinally, perforate, scrobiculate ; 
plates with granules. 

Interradia with numerous low and broad plates, partly but broadly 
overlapping from below upwards, or connected all along the 
transverse sutures by membrane. Tubercles larger than in the 
ambulacra, smaller and most numerous aetinally. 

Peristome moderate, branchial incisions small, external branchiae 
distinct. Peri gnathic girdle slender. Spines short, longest and 
most numerous aetinally, where some are capped with a hoof-shaped 
process, others club-shaped or like long and short needles, striated 
and cylindrical in section, may he sheathed. Pedieellarise some 
long and blunt-headed, others with very open valves, and many 
tridactyie and blunt-headed. Actinal tentacles diseiferous, and 
the abactinai are pointed and branchial. 

The plates, especially of the ambulacra, often seem to be split up 
in a remarkable manner. Spheridia may exist. 

Recent . hi. Atlantic to Azores; Caribbean Sea, and to the 
1ST., Japan, Philippines, Sandwich Islands, Low Archipelago, 
E. Pacific, Australia, Juan Fernandez to Chili. 120 to 2750 
fathoms. 

G-enus Asthenosoma, Grille, 1868, Jahresl . d. Settles. Ges. f. 
Vaterl* Cult. p. 42. A. Agassiz , 1872, Revision, p. 272; JEJch. 
of 4 Blake ’ Fxged. 1883, p. 29. Ludwig , 1880, Zeits. f. wiss. 
Zool. vol. xxxiv. -P. Sf F. Sarasin, 1888, Erg. Mat. For. auf 
Ceylon , Bd. i. Heft 3, p. 129. 

Syn. Calveria, Wy. Thomson, 1873, Phil. Trans. Boy. Soc. 
vol. ckiv. pt. 2, p. 737. 
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Test moderate to very large, tumid at the circular or slightly 
polygonal ambitus, swollen, suhhemispherical or depressed abac- 
tinally, flat actinally; more or less flexible. The calcareous 
deposits of the plates limited, the edges of the plates membranous. 

Apical system central, polygonal, projecting; the plates sepa¬ 
rated by membrane, and some anal plates intervening between 
the basal and radial plates. Periproct small: anus projecting*. 

Ambulacra straight, broad at the ambitus; plates very numerous 
and much bent vertically, overlapping from above actinally, and 
overlapped by the ends of the interradial plates ; a pair of pores 
in each plate, and two small plates in the adoral sutural membrane, 
each with a pair of pores. Plates continued from the peristomial 
edge to the mouth, imbricating, each plate broad, low, and pore- 
pierced. Small primary perforate, non-crenulate, areolated 
primary tubercles, in two or more vertical rows. 

Interradia with numerous broad, low, pistol-shapedplates, united 
by membrane along the transverse edges, and expanded and over¬ 
lapping at the median line; overlap in the opposite direction to 
that of the ambulacra; two or more vertical rows of primary 
tubercles resembling those of the ambulacra. 

Peristome with small branchial incisions; internal branchiae 
very large and flve in number, the external branchiae small; 
lower tentacles with prehensile discs, the abactinal pointed and 
branchial. Perignathic girdle weak, but with a decided arch 
between continuous processes. 

Jaws with a small foramen; teeth grooved. Spines delicate, hol¬ 
low, fenestrated, longitudinally striated and ridged, variable in 
length, but never very long; the secondary spines small, sharp 
and numerous, pointed, some sheathed. Pedicellarim numerous, 
various, tridaetyle, four-valved, some sharp and others blunt¬ 
ended. 

Recent* N. Atlantic to coast of Portugal, Florida, Caribbean 
Sea, China Seas, Java, Philippines, Indian Archipelago, Ceylon, 
Fiji, New Zealand. From 100 to 450 fathoms, 
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III. 

The Suborder Stereosomata and its Families. The Family Saleniidce and its 
Genera. Family Hemicidarkhe and its Genera. Family Biadeuiatidm; its 
Subfamilies and Genera. Genus incertce sedis. Family Cyphosomiclce and 
Genera. Family Arbaciidse and Genera. Family Temnopleuridm ; Subfamilies 
and Genera. 


II. OBDEB, 

II. Suborder Stereosomata (p. 25). 
I. Family Saleniidce. 


II. 

55 

Hemicidaribjs. 

III. 

55 

Aspidodiadematidce. 

IV. 

55 

Diadematidjs. 

V. 

S3 

Cyphosomidce. 

VI. 

55 

Arbaciid^e. 

VII. 

55 

Temnopleuribas. 

VIII. 

75 

Echinometrid.e. 

IX. 

55 

Echinid^:. 


I. Family 8 alenii dje, Duncan and Bladen, 1887, Ann. Sf Mag. 

Nat. Hist . ser. 5, vol. xix. p. 117. 

Begular eetobranchiate gnathostomes, with a persistent dorso- 
central plate or plates ; madreporite in the right anterior basal 
plate. 'Ambulacra narrow, the plates numerous, simple low- 
primaries, rarely in compound plates actinally. Interradial plates 
few and tubercles large. Peristome with branchial incisions and 
external branchiae. Perignathic girdle with interradial ridges and 
ambulacral processes united or not. Jaws with the foramina of the 
pyramids unarched by epiphyses ; teeth with a keel. Spkeridia 
present. Spines very variable, cellular with a solid superficies. 

Division I. 

Genus Peltastes. 

Syn. Hyposalenia; Pseudosalenia; Poropeltis. 

Subgenus Goniophorus. 

Genus Salenia . 

Subgenus Heterosalenia . 

Division II. 

Genus Acrosalenia. 

Division I. 

Ambulacral plates simple. 

Genus Peltastes, Agassiz, 18BS, Monogr. diEch. viv. et foss. 
livr. i. p. 27, pi. v. (non Desor, 1858, Synopsis, p. 145). 
Duncan Sf Bladen , 1887, Ann. Sf Mag. Nat . Hist. ser. 5, 
vol. xix. pp. 129-182. (Amended.) 
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Syn. Fseudosdlenia , Cotteau, 1859, Bev. et Mag. de Zool. 
vol. xi. ser, 2, p. 215. Hyposalenia , Besor, 1858, Synopsis, 
p. 147. Foropeltis , Quenst., 1858 and 1872-5, Petr. Beutschl. 
tab, 69. 

Test small, circular in outline, tumid at the ambitus, depressed 
and slightly tumid abactinally, or tall, and with a part of the 
apical system projecting, actinally rather flatly curved. 

Apical system large, raised slightly, and part of it usually pro¬ 
jecting, with large basals and small radials; a small dorso-central 
plate, in the long axis of the system, united to the lateral basals, 
but not touching the posterior basal; incurved posteriorly for the 
anterior margin of the anus. Eadials large, not within the ring. 
Periproct posterior and hounded in front by the dorso-central 
plate, and posteriorly and laterally by the basals 4, 5, and 1. The 
sutures of the disk often grooved, marked with depressions and 
the prolongation of the ornamentation of the basal and dorso- 
central plates; these plates have grooves and eminences often 
radiate in arrangement, margins of the basals often variously 
curved and notched. 

Ambulacra narrow, straight or slightly flexuous, -with small 
primary tubercles near the poriferous zone ; plates low primaries 
only. Interradia with large primary tubercles diminishing in 
size above and below the ambitus, crenulate or not and imper¬ 
forate. 

Peristome small, rather reentering, slightly incised. Peri- 
gnathic girdle with low broad ridges and slender unarched pro¬ 
cesses. 

Fossil Cretaceous : England. Upper Jurassic and Cretaceous ; 
Europe. Cretaceous : N. Africa, 

Subgenus GcmoriiOEUS (genus), Agassiz , 1888, Monogr . <PFck. 
viv. et foss. livr. i. p. 30. Gotteau , 1861, Bull hoe, Gfal 

France , ser. 2, vol xviii. p. 624. Duncan and Bladen , 1887, 
Ann, Sf Mag . Wat, Hist vol. xix. pp. 181-132. 

Test small, swollen, subspheroidal, with large peristome, few 
interradial primaries, upon high plates. Apical disk pentagonal, 
with five large basals and five small radials, ornamented with 
linear, raised and straight keels which are not on the lines of the 
sutures; dorso-central plate large, the periproct posterior to it 
and elongate transversely. Pits for spheridia large in the 
narrow ambulacra actinally. 

Fossil Upper Greensand; England, Europe, F. Africa. 
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Genus Sabehia, Gray, 1835, Proc. Zool. Soc . Loncl. pt. 3, p. 58. 
X. Agassiz , 1833, Monogr . dCEch. viv. £f foss. livr. i. p. 6. 
-4. Agassiz , 1874, Revision of the Echini , p. 258 ; 1883, Blake , 
XbA p. 13. Duncan 6f Bladen , 1887, Ann. Sf Blag, Wat. 
Hist. ser. 5, voh xix. p. 132. (Amended.) 

Test small, subglobose or depressed. Apical system larger 
than the peristome, more or less raised. The dorso-central plate 
more or less geometrical, imperfect, and eroded at the right pos¬ 
terior angle by the periproctal ring, in contact with all the basals. 
Apical plates ornamented with radiating grooves and ridges. 
Eadial plates large, with the pore in the adoral edge, one plate 
may or may not enter the periproctal ring. Periproct large, with • 
a plated membrane pierced by the anal opening. 

Ambulacra narrow, with two rows of small primary tubercles 
and granules; plates all simple primaries, crowding rare near the 
peristome. Pairs of pores in simple vertical series; tentacles 
snb-homoiopodous. Interradia with large primaries. Tubercles 
of both areas erenulate, or some plain, and imperforate. 

Peristome with cuts for the external branchim, with a mem¬ 
brane plated or not. Perignathic girdle with broad ridges and 
slender nnunited processes; jaws with the foramen of the pyra¬ 
mid small, unarched; teeth with a keel. Spines of primaries 
long, slender, variable in ornamentation; small spines club-and 
wedge-shaped and flat. Pedicellarise of the three kinds; epistroma 
often much developed. Spheridia exist. 

Fossil. Cretaceous : England, Europe, Asia, North and "West 
Africa. Eocene : Europe, Asia. Miocene: Australia. 

Recent. Caribbean Sea, both of the great Oceans, Japanese 
Sea. Depth from 60 to 1700 fathoms. 

Subgenus Hetebosaeekta (genus), Gotteau , 1861, Pal . Prang., 
Terr. Gret p. 96, pi. 1022. Duncan $ Bladen, , 1887, Ann . 
Sf Mag. Wat. Hist. ser. 5, vol. xix. p. 132. 

The primary tubercles are perforated. 

Fossil. Cretaceous: Europe. 

Division II. 

In the second division of the genera of the Family the ambu- 
lacral plates are compound at a short distance from the apical 
system, and the pairs of pores are crowded near the peristome. 
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Genus Acbosalehia, Agassiz , 1840, itch foss. de la Suisse , pt, 2, 
p. 88. Duncan Sf Sladen , 1887, ^ Mag. Nat. Hist. 

ser. 5, vol. sis. p. 128. 

Test moderate in size, depressed, tumid at the circular and 
rarely pentagonal ambitus, rounded above, flatter actinally. 

Apical system rather large, four anterior basals large, and the 
posterior smallest and differing in shape. A dorso-central plate 
in the antero-posterior axis of the system, in contact with the four 
larger basals and anterior to the periproct. Supplementary plates 
to the dorso-central may occur. Posterior radial plates enter 
the ring of the periproct, rarely a radial separating the antero¬ 
lateral and postero-lateral basals. Periproct large and posterior. 

Ambulacra narrow, with primary plates near the apical system 
and with compound plates near the ambitus and actinally. Com¬ 
pound plates of united primaries with rare demi-plates, except 
near the peristome. Pairs crowded and biserial near the peristome, 
from the presence of demi-plates. Tubercles of. the interradia 
largest, perforate and crenulate; those of the ambulacra much 
smaller, or only as large granules. 

Peristome large, decagonal, with well-developed branchial 
grooves with raised edges. Perignathic girdle with low ridges 
and slender processes sometimes uniting. Spines large and small, 
the former striated longitudinally, or plain, and often not quite 
circular in transverse section ; smaller spines striated. 

Fossil. Lias and Oolites: England and Europe. Lower Creta¬ 
ceous: 1ST. Africa. 


II. Family Hemic id aeid2B, WrigH , 1857, Hal. SocJEJch. 

Ool. Norm, p. 68. (Amended.) 

Eegular ectobranchiate gnathostomes with the test thick, more 
or less spheroidal, depressed or tall or subconieaL Ambulacra 
increasing in width actinally ; primary tubercles well developed, 
but smaller than those of the interradia, extending or not through¬ 
out in two vertical rows; pairs of pores in arcs actinally where 
the plates are compound. Interradia large, plates few; tubercles 
very large at the ambitus, variously sized actinally and dorsally, 
and may be obsolete there. Scrobieules often coalescing. Peri¬ 
stome decagonal, ambulacra! lips large, branchial incisions well 
developed. Perignathic girdle with interradial ridges and united 
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ambulaeral processes. Jaws large, foramen large, without epi¬ 
physes ; teeth grooved. Spines often large, variable, and usually 
solid. 

Genus Hemicidaris. 

Subgenus Hemidiadema . 

„ Hypodiadema . 

„ Pseudocidaris , 

„ Aster ocidaris . 

Genus Acrocidaris. 

Subgenus Acropeltis . 

Genus Goniopygus. 

„ Circopeltis. 

„ Cidaropsis. 

„ Glypticus . 

Genus incertae sedis ; Zeptocidaris, Quenst* 

Genus Hemicidaris, Agassiz, 1840, Ech, Foss . de la Suisse, pt. ii. 
p. 42. Desor , 1858, Synopsis , p. 50. Duncan , 18S5, Quart. 
Journ . Geo?. vol. sli. p. 430. {Amended.) 

Syn. Tiaris , Quenst.; ILemipygus , Etallon (immature). 

Test of moderate size, spheroidal, tall, tumid at and above the 
ambitus, flattish and often broadest actinally. 

Apical system small, either with large united basal plates (or 
some or all radial plates enter the periproctal ring *). 

Ambulacra narrow, enlarging near the ambitus, projecting or 
not; the plates a multitude of small low primaries near the apical 
system, succeeded by compound plates which may be formed by 
two to four constituents, tbeir arrangement partly “ Diadem- 
atoid,” but with additional primary or demi-plates, placed abac- 
tinally to the large tuberculous primary plate. Pairs of pores 
simple abactinally, in arcs near the large tubercles, and crowded 
near the peristome. Tubercles in two vertical rows, perforate 
and crenulate, large to varying distances above the ambitus, 
and then diminishing in size or replaced by granules. 

Interradia broad, with but few high coronal plates, with two 
vertical rows of large, projecting, perforate and crenulated primary 
tubercles, larger than those of the ambulacra. Scrobicules usually 
contiguous and incomplete; secondary tubercles and granules. 

Peristome large and the branchial incisions well developed. 
Pyramids of the jaws with a large incomplete foramen ; teeth 

* Very rare, or probably in subgeneric groups only. 

UIHH. JOURH.—ZOOLOGY, YQL* XXIII. 4 
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grooved. Spines large, some needle-shaped, others club-shaped 
and longer than the test’s diameter, some knob-ended, others 
forked, longitudinally striated, some marked across. 

Fossil. Zechstein, Alpine Trias, Lias, Oolites, Cretaceous: 
Europe. Oolites: England. Jurassic, Tithonian, and Cretaceous: 
K Africa. 

This important genus has several fairly well marked subgenera 
(formerly genera). It appears that the genns Semipygus , Etal- 
lon, 1850, Etudes Pal. Haut-Jura, suppl. p. 4, relates to small, 
young, and immature Hemipygi. As is usual in Eckinoidea only 
4 millim. in height and 8 millim. broad, the apical system is exag¬ 
gerated in size and the genital perforations are variable. It is 
placed as a synonym of Hemicidaris. 

Subgenus Hemidiadema (genus), Agassiz, 1840, Fch. Suisse , 
pt. ii. p. 47. Etallon , 1859, LetJuea Brunt . p. 326. 

The tubercles of the ambulacra large and few in number below 
the ambitus, alternating distinctly. 

Fossil. Oolites and Cretaceous: Europe. 

IL stramonium , Agass., is the type; but H. rugosim does not 
belong to the genus, it is a Qlyphocyplms , Haime. 

Many of the species of the next subgenus have been determined 
from immature specimens; this is especially the case with the 
St.-Cassian forms. 

Subgenus Hypodiadema (genus), Desor, 1858 (pars), Synopsis , 
p. 61. Labile, 1865, Denies. Abaci. Wiss. Wien, vol. xv. 
p. 295. Zittel , 1879, Handh . d. Bal. p. 501. 

Ambulacra narrow, straight, with two rows of small, crenulate, 
perforate primaries (?), nearly maintaining their size throughout, 
diminishing hut slightly abactinally. Interradia with large primary 
tubercles, in two vertical rows extending to the apex; plates 
granular beyond the scrobieules. 

Peristome and the branchial incisions small. Spines cylindrical 
and smooth. 

Fossil. Oolite: England ? Trias, Oolites, and Cretaceous *. 
Europe. 

The Cretaceous species have variable branchial incisions, and in 
one the primary interradial tubercles do not reach the apex. 
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Subgenus Fseudocidaris, J Etallon (genus), 1859, Lethcea Brunt. 
p* 333. Cotteau, 1882, Bull. Soc. Zool. de France, yoL vii. 
p» 1. Be Loriol , 1887, Bee. Zool. Suisse, vol. iv. p. 336, 
pi. xv, figs. 2- 4 6.” 

Ambulacra very undulating abaetinally, narrow, with primary- 
tubercles only near the peristome, granules elsewhere. Inter- 
radia broad, with few coronal plates, and two vertical rows of, 
large primary tubercles, distant. Spines large, massive, cylindroid 
or fusiform, or pear-shaped, striated longitudinally or granular. 

Fossil. Oolite and Cretaceous : Europe, "N. Africa, Mexico. 

The genus Asterocidaris, Cotteau, 1859, has all the characters 
of Hemieidaris, and it appears that the existence of star-shaped 
or triangular bare spaces in the median interradial areas near 
the projecting basal plates is not of generic importance. Astero¬ 
cidaris should be placed as a subgenus of Hemieidaris, with the 
following characters:— 

Subgenus Asterocidaeis, Cotteau, 1859 (genus), Bev . et Mag . de 
Zool. ser. 2, vol. xi. p. 159. 

Apical system large, with basal plates projecting adorally into 
a bare median interradial space ; interradial plates ten or less in 
number in each vertical series. 

Fossil . Europe. 


Genus Aceocidaris, Agassiz, 1840, Fch . Foss, de la Suisse, pt. ii 
p. 10. Besor , 1858, Synopsis, p. 83. 

Test large, tumid at the ambitus, and subcortical or spheroidal 
dorsaliy, flat acfinally. 

Apical system small, some or all of the basal plates with a 
large perforate tubercle, the madreporite large. Periproct large. 

Ambulacra straight, broad at the ambitus, with two vertical 
rows of large perforated primary tubercles, slightly smaller than 
those of the interradia, and extending to the apex; pairs of pores 
uniserial and in simple series near the apex, in arcs of from four 
to seven pairs near the larger tubercles, crowded and polyserial 
actinally; plates 44 diadematoid,” with some additional components; 
sutural lines as grooves on the flanks of the tubercles. 

Interradia with two vertical rows of large primary tubercles, 
only the largest being perforate and crenulated. 


4* 



52 


PB03?. ]?. M. DUKCAF’S KEWISIOH OB THE 


Peristome large, brancliial incisions well developed. Spines 
cylindrical, smooth, or finely striated, often triearinate at the top. 
Fossil Oolitici Europe andK Africa. Cretaceous: Europe. 

Subgenus Aceopeltis, Agass. (genus), 1840, Fatal. Si/st. Ectyp. 
p. 19; Ech, Foss, ie la Suisse, pt. ii. p. 27. 

The primary tubercles of all tbe areas are imperforate and 
uncrenulate; the largest tubercles are actinal. 

Fossil, Oolite: Europe. 

Tbe type of A. aoncinna , Merian, figured by Cotteau, 1861, 
Bev. et Mag, de Zool. voh xiii. p. 76, is immature, it being only 
1 milliin. high and 2 millim. broad. Hence the large dorso-central 
system. 


Genus Go:ntopt<his, Agass. 1838, Monogr. d'Fch. viv. et foss , 
livr. i. p. 19. JDe Loriol , 1887, Faune Qret, du FortugEch. 
fasc. i, p. 55. 

Test small, depressed, hemispherical dorsally, circular in out¬ 
line at the tumid ambitus, broader than high. 

Apical system large and stout, tbe prominent basal plates 
close, polygonal, and angular adorally or almost square ; sutures 
dentated, perforated, or otherwise ornamented ; periproctal 
edges in ridges and notched; periproct small, triangular or 
square, and may be circular in outline ; radial plates remote 
from the periproct, pentagonal and wide actinally, variously 
ornamented. 

Ambulacra narrow, with two vertical rows of primary plain 
tubercles, smaller than those of the interradia, which are large, 
plain, and in two vertical rows. Pairs of pores in simple primary 
plates abactinally, but near the tubercles of the actinal surface 
tbe plates are triple compounds, there being an ad oral demi- 
plate, a median primary, large, and an aboral primary; the 
sutures are convex towards the tubercle. 

Peristome very large, with small branchial incisions. Spines 
small, club-shaped, striated or not. 

Fossil Cretaceous : Europe, ST. Africa, Asia. Eoceue: 
Europe. 
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The genus Oircojgeltis originated with M. Pomel, 1883, but Ms 
definition was not a positive one; lie compared it with Leiosoma . 
M. de Loriol has, however, shown that the genus is not related 
to Leiosoma but to Goniojpggus. 

Grenus Circopeltis, Pomel, 1883, Theses Class . Method. Fell. 
(. Alger ), p. 89. De Loriol , 1887, Faun. Grit . f/w Faring. ^ 
Leh. fasc. i. p. 55, pi. ix. fig. 7. 

Test small, suhhemispherical, depressed dorsally, flat actinally. 
Interradial plates few (8-9). 

Apical system solid, with or without radial plates entering the 
periproctal ring ; periproct large and subcircular. 

Ambulacra straight, expanding near the large tubercles, broad 
at the peristome, the interporiferous area with primary tubercles 
in two vertical rows, large at the ambitus, and smaller actinally, 
and smaller and distant ahactinally, all are plain*, poriferous 
zones with uniserial pairs of pores ahactinally, in slight arcs near 
the large tubercles, and slightly crowded actinally ; plates low, 
broad, simple primaries ahactinally, compound at the ambitus and 
actinally, the adoral component a demi-plate and its pair of pores 
much nearer the median line than the other pairs, excluded from 
the ambulacro-interradial suture. The other components long; 
low primaries with an occasional demi-plate. 

Interradia with two vertical rows of plain primary tubercles, 
largest at the ambitus ; rows of secondary tubercles and granules. 

Peristome moderate, with branchial incisions. 

Fossil. Cretaceous: Europe, N. Africa (P). 

The compound ambulacral plates are not without art affinity 
with those of the recent Asjpidodiadema , A. Agass. 

G-enus Cidaropsis, Cotteau, 1860 (reference not to he found). 

1882, Fal. Franf,, Terr. Jura , livr. lvi. p. 433, pis. 376, 377. 

Test moderate and rather small in size, swollen above and 
almost flat below, circular in outline at the ambitus. 

Apical system solid and moderately developed. 

Ambulacra subflexuous ahactinally, enlarging at the ambitus, 
having small primary tubercles actinally which are smaller than 
those of the interradia, perforate and erenulate. Towards the 
apex the tubercles are replaced by granules. Poriferous zones 
undulating, with simple pores, close, and they multiply near the 
peristome. 
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Interradia broad, with few plates and two rows of large primary 
tubercles, perforate, non-crenulate and distant, with projecting 
scrobieules. 

Peristome large, subdecagonal, and with large branchial in¬ 
cisions. Periproct subcircular. Spines large and glandiform. 

Fossil. Europe: Jurassic formation. 

Cotteau places the genus close to JTemipedina ; but it appears 
to be nearer Hemicidaris. 

Genus Glyptictjs, Agassiz , 1840, Fch. Foss, de la Suisse , pt. if 
p. 95. Besor , 1858, Synopsis , p. 95. Cotteau , 1880-85, Fal. 
Franf., Fch. Terr. Jura, pi. 418. 

Test moderate in size, thick, subhemispherical, flat actinally. 

Apical system large, slightly raised, the basals in contact, stout, 
sculptured; the sutures depressed, pitted more or less ; the radial 
plates large, between the outer part of basals as broad as they 
are, pentagonal, broad and re-enteringly curved adorally. Peri¬ 
proct elliptical, or pentagonal with a raised rim, small. 

Ambulacra straight, narrow, except at the peristome, where 
the poriferous zones are expanded. Poriferous zones straight, * 
narrow, sunken; pairs in compound plates usually triplets, poly¬ 
serial at the peristome; two vertical rows of small, smooth, 
primary tubercles, the mamelons confounded with the bosses, im¬ 
perforate and non-crenulate, pass to the apex from the peristome, 
close to the poriferous zones; or the tubercles may be replaced 
above the ambitus by elongate smooth elevations of the plates 
placed irregularly or not. Epistroma much developed. 

Interradia with large primaries resembling those of the ambu¬ 
lacra at the ambitus and actinally, but with warty or irregularly 
elongate elevations, with or without secondary tubercles, abacti- 
nally ; granules and secondary tubercles exist. 

Peristome large, decagonal, often deformed and longer in the 
antero-posterior direction than across, the branchial incisions 
well developed, and a notch at the ambnlacral median line also* 

Fossil . Oolite; England, Europe, and N. Africa. 
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Incertcd sedis. 

Genus Leptocidaris, Quenstedt , 1858, Der Jura , pi. 90. fig. 10; 
and 1874, Petr. Deutsch . p. 232, tab. 69. figs. 71. 

Test spheroidal; the ambulacra moderate and straight; the pores 
are in arcs of triple pairs, and each compound plate is large, higher 
than an interradial plate, and alternately broad and narrow; small 
perforated primary tubercles on alternate plates, or more distant. 

The ambulaeral plates hare each a large adoral primary com¬ 
ponent, which carries the tubercle and a middle and aboral demi- 
plate. 

Interradial plates low and broad. 

Fossil Jurassic: Europe. 

The description is taken from that mine of wealth, Quenstedt’s 
Petrefact. Deutschlands, Leipzig, 1S74. The type is L. triceps , 
Quenst. 

In the Eeport on the Echini of the 4 Challenger 5 and 4 Blake * 
Expeditions A. Agassiz described species of Aspidodiadema, , a 
genus which he defined comparatively rather than positively. He 
* gave his usual careful opinions regarding the affinities of the 
genus, and noticed how it links together the Cidaridm and Eia- 
dematidse. The descriptions of the species and the figures which 
illustrate them are so clear and definite that all the taxonomic 
difficulties surrounding them are really seized at a glance. A 
palaeontologist would hardly hesitate to add Remicidaris to the 
list of allied genera; and any naturalist who has studied the 
ancient and modern faunas would say that there is a wonderful 
union of almost excessive modern characters, and others charac¬ 
teristic of deep-sea dwellers, combined with the Hemicidaridean, 
accompanied by a Cidaroid ambulaeral structure. 

The paucity of interradial plates, each with a large perforate 
and crenulate tubercle, associated with branchial peristomial in- 
. cisions, and without imbricating ambulaeral and interradial buccal 
plates, there being only ten huge simple buccal plates, the am- 
bulacral plates being lew simple primaries, with or without large 
primary tubercles, may be said to be a jumble of characters which 
will prevent the forms being classified with the families Hemici- 
daridse and Diadematidse. It is proposed to form a family for 
the genus. 
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111. family ASPIBOHIABEMATIDiE. 

Piadematoidea with spheroidal tests, having a large, narrow, 
ringed apical system formed by broad basals and broad inter¬ 
vening radial plates; having few interradial plates, each with a 
large primary perforate and crenulate tubercle; straight ambu¬ 
lacra with numerous low primary plates with or without primary 
tubercles; pairs of pores, one in each plate in straight vertical 
series. Peristome incised; branchhe bifid, and with ten very 
large buccal plates ; tentacles heteropodous. Spines hollow and 
striated, vertieillate. 

The generic definition given by A. Agassiz of Aspidodiadema 
is very comparative, and we therefore venture to give a positive 
diagnosis founded upon the study of the species which have been 
so admirably described and figured in the Eeports on the 4 Chal¬ 
lenger 5 and £ Blake 9 Eehinoidea 

Genus Aspidodiadema, A. Agassiz, 1879, Proc. Amer . Acad. 
vol. xiv. p. 199; 1SS1, Report on i Challenger ’ Echini , p. 64; 
1883, Report on f Plaice' Echini , p. 24. 

Syn. Plesiodiadema , Pome], 1888, non Duncan. (Adapted,) 

Test moderately large, tall, spheroidal, thin ; interradial coronal 
plates few in number. 

Apical system large, the narrow ring of plates composed of 
broad basals and of wide intervening included radial plates ; the 
periproct large, the membrane with few or numerous radiating 
plates, some united and reaching from the ring to the anus, which 
may be tubular. 

Ambulacra broad, with a few large primary perforated and 
crenulated tubercles sometimes reaching above the ambitus, and 
with smaller tubercles or granules abaetinally, or with only small 
tubercles and loose granules throughout. The pairs of pores are 
numerous, in simple vertical series, and the plates are simple and 
low broad primaries. Tentacles heteropodous. 

The interradia have two vertical rows of large primary perfo- 

* The fact that A. mierotuberculatum, A. Ag., baa small tubercles on its 
ambulacra must not be forgotten; but at the same time it must be remembered 
that all the other generic characters are the same as those of the other species. 
It is hardly worth while, therefore, to disturb the genus, as has been attempted 
by a naturalist who has not seen the forms. 
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rated and crenulated tubercles, and with expanded bases, largest 
at and above tbe ambitus. 

Peristome smaller than tbe apical system, with small branchial 
incisions and bifid branchiae; ten very large spined buccal plates. 
Teeth grooved. Spheridia large and extending high up on the 
ambulacra. Spines hollow, vertieillate, straight and curved, some 
large and very long, others similar and small. Pedicellarim various, 
some with large glands upon the stem. 

Recent. Caribbean Sea, 95-1200 fms.; 1ST. part of the South 
Atlantic, and also the Chili coast, 356-2225 fms.; Philippine Sea, 
100-1700 fms. 

The Pamily Diadematidse was well formulated by Cotteau and 
Wright, and the arrangement of the genera, by tbe existence 
or not of erenulation and perforation of tbe primary tubercles, 
has been very popular and useful; hut it is too artificial, for 
the physiological importance of the superficial structures of the 
tubercles is exceedingly small. Careful consideration proves 
that many genera have been placed in the Family which 
can hardly remain, and they have now found places in the 
Families of Hemicidaridse, Temnopleuridse, Arbaciidse, and 
Cyphosomatidse. 

Many genera have been introduced since Cotteau founded the 
Family, and it is now fairly homogeneous, if they are arranged 
with their fellows on the principle of the structures of the ambu¬ 
lacra being considered of primary taxonomic importance. It is 
the group of genera which is characterized by having numerous 
small tubercles placed aetinally and at the ambitus, but then 
ceasing more or less, which has given much trouble. Such genera 
are Codiop sis, Gymnodiadema , Plistophyma , and Polycypints . 
Again, Orthopsis and its allies are difficult to classify upon the old 
lines of the value of erenulation and perforation. It may he 
stated, as a general truth, that if these genera be classified by the 
ornamentation of the tubercles, groups possessing very diverse 
ambulacra will be associated. 

The Family separates by the new method into subfamilies. 

A most unfortunate decision of Desor’s has made paleonto¬ 
logists and students of the recent fauna look upon some of the 
most important species of one genus in a very different light. 
Desor introduced the genus Pseudodiadema to take the place of 
fossil Diadema , The only distinctions between the recent genus 
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and the one founded by Desor, which in the first instance was 
called by the same name as the recent forms (Diadema by Gray), 
are that there is no verticillation of the longitudinally striated 
spines of Pseudo diadema, and the spines are solid in the fossil, 
hollow in the recent form. These are possibly specific characters 
at the most, and hence one of the first steps in a revision 
must be the elimination of Pseudo diadema, with its host of 
species. 


IV. Family Diadematid.®* 

Regular eetobranehiate gnothostomes, with or without rudiments 
of internal branchiae, with highly ornamented, tumid, depressed, 
or spheroidal tests ; with a well-developed dorso-central system, 
often with a tubular anal orifice; with the madreporite in the 
right anterior basal. 

Ambulacra moderately broad or narrow, straight, flush or tumid, 
with vertical rows of primary tubercles resembling the interradial 
hut usually smaller ; pairs of pores either in simple series, or in 
ares, or in two or more vertical series; the plates compound near 
the ambitus and actinally, low and numerous ; the median com¬ 
ponent carrying the tubercle and reaching the median Hue, and 
therefore a large primary plate, and the adoral and aboral plates 
of the compound low, broad primaries, smaller than the median 
plate and having their sutural lines curved towards the tubercle 
of the median component; demi-plates rarely exist. 

Interradia broad, with numerous low plates, with vertical rows 
of primary tubercles, and sometimes with more than one horizontal 
row of them on a plate; vertical row 7 s varying in number, dimi¬ 
nishing dorsally; tubercles resembling those of the ambulacra, 
but usually larger. 

Peristome large, polygonal, with branchial incisions. Peri- 
gnathic girdle continuous ; processes arched and the ridges low. 
Jaws without a closed pyramidal foramen ; teeth grooved. Ten¬ 
tacles heteropodous, Spheridia present. Spines variable, short 
or long, hollow, striated and grooved longitudinally, verticillate 
or not-, (solid from fossilization). 

* Tlie definition is an amendment of Gray, 1835 ; Peters, AbhandL d, konigl, 
Alv&d. d. Wiss. Berlin, read 1853, published 1855, p, 106; A. Agassiz, 1874, 
For morphology see Quart, Joura. Geol. Soc. 1885, p. 419, Journ. Linn. Soc. 
vol. xix. 1885, pp. 95 and 201. Also P. and F. Sarasin, Ergebn. Naturw. Forsch. 
anf Ceylon, 1884-6, published 1887, Bd. i. Heft 1, pp. 1-17. 
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I. Subfamily Diademcttince. Ainbulacral plates compound, near 
the ambitus; the pairs of pores in simple -vertical series or in 
arcs of threes. 


L 

Genus Diadema (syn. Pseuclodiadema). 



Subgenera Centrostephanus, Microdiadema, 

Diademopsis, 


Hemipedina, Echinodiadema. 


XL 

Genus Placodiadema (syn. Plesiodiadema). 


XXL 

„ Heterodiadema. 


XV. 

„ Codiopsis. 


V. 

„ Fleur o diadema. 


VI. 

„ Magnosia. 


VII. 

„ Cottaldia. 


II. Subfamily Diplopodiince. Ambulacral plates 

compound; 


pairs of pores biserial. 


I. 

Genus Diplopodia. 


IL 

Pedinopsis. 


III. 

3 , Acanthe chinas. 


IV. 

„ Pkymechinus. 


V. 

„ Asteropsis . 


VI. 

3 , Diplotagma. 


VXL 

a, Micropyga. 


VIII. 

33 Plistophyma. 


XXX. Subfamily JPedinince . Ambulacral plates compound ; pairs 


of pores triserial. 


X. 

Genus Pedina. 



Subgenus Pseudopedina . 


XX. 

Genus Echinopedina. 


XIX. 

3 , Stomechinus . 


XV. 

Micropedina . 


V. 

3 , Heteroeidaris. 


VI. 

3 , Echinothriw. 


VII 

33 Astropyga. 


VIII. 

33 Polycyphus . 


IX. 

„ Codeehinus , 



IY. Subfamily OrtJiopsina. Ambulacra with simple primary 
plates; pairs of pores in simple series. 

L Genus Orihopsis . 

XL „ Bodiadema. 

III. „ Peronia. 

XV. „ Echinopsis, 

V. „ Gymnodiadema. 


Genus incertae sedis. Progonechinus. 
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I. Subfamily Diadem at in m (p. 59). 

Genus Diadema, Schynvoet, 1711, Thes. Imag. Disc. Sfc. p. 2, 
pl.*xiv. Gray, 1825, Ann. Phil. vol. xxvi. p. 420. Peters, 
1858, Abhandl. 1c , Akad . Wiss. Berlin (1854), p. 107. Bolsehe, 
1805, Archivjiir Naiurg. vol. xxxi. p. 825. A. Ay ass. 1874, 
Devision, p. 274. Duncan Sf Bladen, 1885, Journ. Limn. Boo. 
(Zool.),\ ol. xix. p. 95. Loven, 1887, On Species of Fell. desc. h/ 
Linn mus, Bihang iillK. Sven ska Vet.-Akad. Handl. Bel. xiii. 
Afd. iv. No. 5, pp. 125-137. Sarasin, P. Sf F, 1887, 
Drgehn. Lfaturw. Borsch, anf Ceylon, Bd. i. lie ft 1, pp. 1-17. 

Syn. Pseudo diadema, Desor; Tetragramma, Agass,; Ilehertia, 
Mich. 

Test thin, moderate in size, circular or slightly polygonal in 
tumid marginal outline, "wider than high, rather depressed. 

Apical system sunken or not, large; basal plates large, with a 
long outer angle and large duct-perforation ; radial plates small 
and some may enter the periproctal ring. Periproct large, with a 
thin membrane furnished with a few plates near the ring. Anal 
orifice at the end of a tube. 

Ambulacra straight, narrow, often projecting; pairs of pores 
in simple series in arcs; plates compound, each with a middle 
broad primary component carrying a tubercle and occupying 
much of the median sutural edge, having a long low primary 
above and below and occupying but little of the median sutural 
edge, the edges of these plates curved, convexity towards the 
base of the tubercle on the middle plate. Two vertical rows of 
small, primary, crenukte and perforate tuberedes extending from 
peristome to apex. 

Interradia with a hare median space near the apex or not; 
coronal plates long and low. Primary tubercles in two or more 
rows, resembling those of the ambulacra in structure, but larger ; 
secondary tubercles and granules on the flanks of the scrobieules. 

Peristome large, decagonal; branchial incisions with 44 tags.” 
Actinal membrane thin, but slightly plated. Perignathic girdle 
with well-developed ridges; processes united and rather tall, a 
projection of the test beyond the ridges into the peristome. Jaws 
large ; pyramids with a tall foramen open above; teeth grooved. 
Eye-spots numerous. Spines long, hollow, closely verticillate, 
striated longitudinally, milled ring prominent. 

Fossil. Lias, Oolites, Cretaceous : England, Europe, 1ST* Africa, 
Egypt, Asia, N. America. Eocene; Europe. 
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Recent . Caribbean Sea, Cape Yerd, Indian Ocean, Bed Sea, 
Japan, Pacific Ocean, *W\ coast of Central America. 

Subgenus Oeusttbostephais'ijs, Peters , 1853 (genus), A57*-. (7. 7r. 
Atcad. d. Wiss. Berlin , 1854, pub. 1855, p. 109 (note). A. 
Agass. 1874, Revision, p. 409. Duncan, 1885, Journ . Linn . 

( Zool. ), vol. six. p. 110. 

Syn. LJcJiinodiadema , Yerr.; Trichodiadema , A. Agass. 

Test thick, large or moderate, globular or depressed, circular 
at the tumid ambitus. 

Apical system with basal plates separated by small, rectangular 
periproctal plates, and by radial plates also. Periproct with 
minute plates. Anal opening small. 

Ambulacra with two rows of tubercles and the plates as in 
Diadema , but the poriferous zones may be sunken. 

Interradia twice as broad as the ambulacra; four vertical rows 
of perforate and crenulate tubercles, two rows being more pro¬ 
minent than the others, all subequal; median space ill-defined. 

Actinal membrane of tbe incised decagonal peristome with ten 
large plates carrying spines, pedicellarise, and tentacles. Spines 
hollow, thin, very verticillate and striated longitudinally, long and 
slender, some small and club-shaped. 

Recent. Mediterranean, Canaries, Australia, New Caledonia, 
W. coast of Central America. 

Former genus Pseudodiadema, Desor , 1858, Synopsis , p. 63, pars, 
Duncan , 1885, Quart . Journ . Geol. Soc . vol. xli. p. 430. Cotteau , 
1864, Rev. et Mag. de Zool . 2 ser. vol. xvi. p. 288. (Now Diadema.) 

Syn. Tetragramma , Agass .; Hebertia, Mich, 

Test small and moderate in size, thin, tumid at the circular ambitus> 
swollen to subconical dorsally, depressed, fiat or re-entering actinally. 

Apical system small, ornamented; the periproct circular or somewhat 
elongate, and even unsymmetrical; basal plates narrow; radial plates 
small, equal or unequal, and some may enter the periproctal ring; the 
pore close to the adoral edge; madreporite distinct and in the right anterior 
basal plate. 

Ambulacra much narrower than the interradia; plates as single low 
primaries near the apex and soon becoming compound, the central com¬ 
ponent with the tubercle, a primary, and the adoral and aboral constituents 
also primaries, their sutures curved, convexity towards the tubercle; some¬ 
times a demi-plate near the peristome. Pairs of pores in simple straight 
series near the apex and in the same towards the ambitus, or in slight ares 
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of triplets slightly crowded near the peristome; primary tubercles an two 
rows, perforate and crenulate, fairly developed. 

Interradia wide, with two or more vertical rows of primary tubercles, 
larger than those of the ambulacra, and otherwise similar; secondary 
tubercles may exist with or without a distinct and often crowded granu¬ 
lation. Some diminution in the size of the tubercles and of the number of 
vertical rows may occur dorsally. 

Peristome moderate, nearly flush or incurved, decagonal, with large 
branchial incisions, having a raised edge. Jaws well developed, with a 
large foramen, without epiphyses; teeth grooved; perignathie girdle conti¬ 
nuous. Spines variable in size, short, or longer than the diameter of the 
test, striated longitudinally, finely tapering, cylindrical pointed (solid, and 
this condition is due to fossilization). 

Fossil. Lias, Oolites, Cretaceous: England, Europe, N. Africa, Egypt, 
Asia, N. America; probably Eocene, Europe ( Hebertia ). 

The alliance of Microdiadema, Diademopsis , Eemipedina, and Echino- 
diadema (Cott.) with the old genus Pseudodiadema is evident. The im- 
perforation and non-crenulation, or the reverse conditions, of primary 
tubercles are insufficient to define and limit genera, Wow all these " genera” 
are placed as subgenera with Pseudodiadema , which is synonymous with 
. 'Diadema . 

Subgenus Microdiadema, Gotteau , 1863 (genus), Bev. et 1lag. 
de Zool. sen 2, vol. xv. p. 225. 

Test small, swollen and hemispherical abactinally, re-entering 
actinally. 

Apical system solid, narrow, projecting, granular. 

Ambulacra with the pairs of pores in simple vertical series; 
arrangement of plates “ diadematoid.” Inter poriferous areas 
with small, almost uniform, perforate and crenulate, scrobiculate 
primary tubercles in several vertical rows. 

Interradia with primary tubercles resembling those of the 
ambulacra in several vertical rows. 

Peristome large, subcircular or decagonal, with well-developed 
branchial incisions. 

Fossil. Lias; Europe. 

Subgenus Diademopsis, Besor, 1858 (genus), Synopsis, p. 79. 
Gotteau , 1864, Bev. et May. de Zool . ser. 2, vol. xvi. p. 212. 

Test moderate and small, depressed, but subconical above the 
tumid ambital outline. Coronalplates low and numerous. 

Apical system large; madreporite and the basals large; radial 
plates between the basals, but excluded from the periproet. 
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Ambulacra narrow, with, very small perforate and plaint primary 
tubercles in two rows; pairs of pores in simple vertical series, 
rarely, but sometimes, crowded at the peristome; plates low, 
simple primaries near ibe apical system, and compound elsewhere; 
the adoral constituent a small primary with its aboral suture 
convex; the median plate a large primary, and the aboral plate 
a low primary with, tbe adoral suture convex (diadematoid). 

Interradia with four vertical rows of small perforate, plain, 
primary tubercles, without scrobieules, rather larger than those 
of the ambulacra ; the outer vertical rows reach up furthest ab~ 
actinally, and hence a granular median area. 

Peristome large, branchial grooves moderate. Spines longer 
than the diameter of the test, very delicate and slender, sharp, 
striated longitudinally, solid. 

Fossil. Infra-Lias and Lias : England and Europe. 

Etallon remarked long since upon the slight value of the 
genus Hemvpedina and noticed that crenulation of the tubercles 
is sometimes visible on some portions of a test. Hence the plain 
condition is in this, as in other groups of forms, not of generic 
value. It is not possible to separate Hemipedina from Biadema 
generic-ally, but the species formerly associated with it form a 
somewhat natural series, and may enter a snbgenus. 

Subgenus Hemipedina, Wright , 1855 (genus), Pal Soc. Monogr 
Peh. Foss. Oolit. Form, p, 143. A. Agassiz, 1872-74, Be- 
vision , p. 291. Duncan , 1885, Quart . Journ. Geol Sac. 
vol. xli. p. 42. Doderlein , 1886, Wiegm. Archiv , Heft i. p. 96. 

Test moderate in size or small, circular or slightly pentagonal 
at the tumid ambitus, flat actinally, depressed, tumid, or sub- 
conical dorsally. Coronal plates numerous. 

Apical disk large, with large united basal plates. 

Ambulacra narrow, straight; pairs of pores in straight series or 
in arcs of three; simple primary plates near the apex, compound 
plates elsewhere as in Biadema ; tubercles in two vertical rows 
perforate and not crenulate; secondary tubercles exist and 
granules. 

Interradia large, and with from two to six vertical rows of 
small primary tubercles, but larger than those of tbe ambulacra, 
only the outer rows reach the apex, perforate, and some may be 
erenulated. Median area often bare or granular near the apex; 
secondary tubercles form rows near the ambulacra. 
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Peristome moderate, decagonal, and with rather deep branchial 
incisions; ten buccal plates upon the peristomial membrane. 
Spines long and slender, needle-shaped, longitudinally striated. 

Fossil. Lias and Oolites: -England, Europe. Cretaceous: 
Europe. 

Recent. Caribbean Sea, 138-270 fins.; Sigambai, Japan. 

Subgenus Echihodiadema, Qotteau , 1869 (genus), Rev. et Mag. 
de Zool. ser. 2, yol. xxi. p. 238, pi. xli. (non Terrill). 

Test small, subcorneal. Ambulacra with undulating or straight 
poriferous zones ; three pairs of pores directly superimposed to a 
compound plate, forming arcs actinally; arrangement “ diade- 
matoid.” Ambulacral and interradial tubercles nearly equal, 
plain, most numerous and largest actinally; each interradial 
tubercle corresponding to a swelling of a plate. Granulation 
distinct and distant, considerable. 

Peristome large, subcircular, with branchial incisions. 

Fossil. Oolite: Europe. 

Genus Piacodiadema, Duncan . 

Syn. Flesiodiadema i Dune, (non Pomel), 1885, Quart. Journ. 
Geol, Soc. yol. xli. p. 433, fig. viii. De Loriol, 1887, Eaune Crefc. 
du Portugal, Ech. fasc. i. p. 31. 

Test of moderate size, depressed, circular in marginal outline, 
tumid dorsally and flatter actinally* 

Apical system small, compact, the five basal plates and five 
radial plates all perforated. 

Ambulacra moderately broad, the poriferous zones with nu¬ 
merous pairs of pores in simple vertical series or somewhat 
arched; plates high, compound, made up of from four to six 
component primary plates, the sutures curved, with their con¬ 
vexities towards the centres of the plates, the second component 
from the adoral suture of the compound plate being the largest 
primary component; a pair of pores to a component plate. 
Interporiferous areas with two vertical rows of small primary 
tubercles, perforate and crenulate. 

Interradia wider than the ambulacra, with two or more rows 
of primary tubercles, resembling those of the ambulacra. Peri¬ 
stome decagonal, moderate, and with branchial incisions. Spines 
striated, moderately long, hollow (see specimen in Brit. Mus.). 

Fossil . Oolite: Europe. Cretaceous : England and Europe. 
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Genus IIeterqdiadema, Cotteau , 1862, Fee. ei Mag. cle ZooL 
ser. 2, voL xiv. p. 200. Dtf Loriol , 1887, Faune Cret . da 
FortugEch. fasc. i. p. 44. (See Fseudodiadema (Metero- 
diadema) Pseudo-Bourgeti , Cott. Pal. Franc., Terr. Cret. voL 
vii. pi. 1097.) {Amended.) 

Sjn. Loriolia , JNTeumayr, 1S81, Zeits. d. deutseh. geol. Gesellsch. 
Bd. xxxiii. p. 571; Colpotiara , Pomel. 

Test moderate, circular in tumid ambital outline, sub coni cal, 
swollen but depressed abaetinally, convex and rarely flat actinally. 

Apical system long, and when absent leaving a large scar which 
intrudes a considerable distance into the depressed posterior 
interradium. When present, the madreporite is large and 
passes from the right anterior hasal plate to the centre of the 
system and pushes backwards the periproct, which is bounded 
by the postero-lateral basal plates and the post era-lateral radial 
plates and one or two interradial plates. Moreover, the antero¬ 
lateral radial plates separate the pairs of basal plates, and either 
touch the madreporite, or come into the periproctal ring; fifth 
basal plate absent. 

Ambulacra with straight, narrow poriferous zones; the pairs 
of pores in simple series, except actinally, where there is some 
doubling; plates compound(diadematoid). Tubercles of both areas 
in vertical rows, moderate in size, very equal, perforate and cre- 
nulated. Peristome flush, decagonal, with branchial incisions. 

Fossil. Cretaceous ; Europe, 1ST, Africa, Asia (Syria). 

Genus Codxopsxs, Agassiz , 1840, Cat . Syst. Ectyp. Ech. Foss. 
p. 19. JDesoi% 1858, Synopsis, p. 112. JDe Loriol , 1887, Fame 
Cret . dit Fortug ., Ech . fasc. i. p. 57, pi. ix. {Amended.) 

Test moderate, swollen, high, often nearly globular, circular or 
pentagonal in marginal outline; coronal plates numerous, high. 

Apical system small, solid. 

Ambulacra straight, narrow'; pairs of pores uniserial, in very 
slight arcs; the plates low primaries, but near the peristome they 
are compound, tbe middle component a large primary, and the 
aboral and adoral components demi-plates. Primary tubercles of 
both areas small, smooth, nearly equal in size, and only occurring 
actinally and for a short distance towards the ambitus, a granu¬ 
lation being elsewhere. Peristome pentagonal, small, with slight 
branchial incisions. 

Desor states that the primary tubercles are perforate, but they 
are not so in available specimens. 

Fossil. Cretaceous: Europe, N. Africa, Egypt. 

XJXX. JOITRJV. —ZOOLOGY, YOU XXITT. ' 5 



66 PROF. P. 3VL DUNCANS REVISION OP TOE 

Genus Pleuroetabema, De Lorlol , 1870, Ech. Heir, Jura, p. 106 ; 
and 1885, Mem. Soc. Pal. Suisse , Geneve , p. IS. 

Test of moderate size, more or less swollen above and flat below. 

Apical system well developed, flush, compact. 

Ambulacra, narrow at the apex, with some projecting, imper¬ 
forate, smooth or slightly crenulate tubercles on the aetinal sur¬ 
face only, the rest granular. Poriferous zones straight; pairs of 
pores in simple series, directly superimposed and separated by 
small horizontal costm, which are raised, distinct and stout, 
especially actinaliy, and are prolonged to the interradial tu¬ 
bercles. 

Interradia actinaliy and at the ambitus with two rows of wide- 
aparfc, projecting tubercles with large mamelons, without scrobi- 
cules, and imperforate, slightly crenulate. Very small tubercles 
abactinally, secondary tubercles absent. 

Peristome decagonal, with everted edges; branchial cuts small. 

Fossil Jurassic: Europe. 

Genus Mag-no si a, Michelin , 1853, Bev. et Mag. de Zool. ser. 2, 
vol. v. p. 34. Fes or, 185S, Synopsis, p. 115. Fe Loriol, 
1S87, Faune Gref, du Bortug ., Ech . base. i. p. 59. 

Test small or moderate, circular at the tumid ambital outline, 
subhemispherical dorsally, or depressed, concave actinaliy. Co¬ 
ronal plates numerous, low. 

Apical system small; periproefc small. 

Ambulacra narrow except actinaliy, where they are broad; 
pairs of pores in simple straight series, barely in slight arcs of 
triplets, but near the peristome they become dose and polyseriaL 
Plates compound. Interporiferous areas with from two to six 
or more oblique rows of very small plain primary tubercles. 

Interradia with a median depression, abactinally, which is 
smooth; from four to nine horizontal or oblique rows of very 
small tubercles resembling those of the ambulacra, diminishing 
in number abactinally. 

Peristome very large, pentagonal, well incised, the ambulacra! 
lips the largest. 

Fossil Oolite: England and Europe. Cretaceous; Europe 
and N. Africa, 

The Liassic species described by M. Cotteau cannot well enter, 
and, as he suggests, should be removed. 
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Genus Cqttaldia, Desor, 1S5S, Synopsis, p. 113. 

Test thill, small or moderate in size, tumid, subhemispherical 
or subeoniea], slightly depressed, circular or subpolygonal in 
ambital outline, fiat and slightly tumid aetinally. 

Apical system small, one or both of the posterior radial plates 
may enter the periproctal ring. Coroual interradial plates very 
numerous, low and broad. 

Ambulacra narrow 7 ; the poriferous zones narrow, slightly 
sunken, straight, the pairs of pores in simple vertical succession, 
slightly in arcs aetinally; plates compound, there being three low 
primaries in each, with almost straight sutures. Interporiferous 
areas slightly tumid, crowded with very small perforate non- 
crenulate tubercles in horizontal rows, with, or without order, and 
large granules. 

Interradia wide, the low plates with very numerous tubercles 
resembling those of the ambulacra, placed in .a horizontal row on 
each plate, and with granules nearer the transverse sutures. 

Peristome sunken, small; the branchial incisions small; the 
interradial lips the largest. 

Fossil, Cretaceous: England, Europe, and Africa. 

Recent, -P 

A. Agassiz admits his Cottalclia Forbesiana (‘ Challenger J 
Report, p. 182) into the genus with much reservation; and I 
agree with him that the generic position is doubtful. Gottaldia 
Garteri , Dune., from the Cretaceous of Ras Fartak, Arabia, must 
enter the genus Orth op sis. 


II. Subfamily Diplop od i i n ce (p. 59). 

Genus Dxflopqbia, McCoy , 1848, Ann, Mag. Fat, Mist ser. 2, 

vol. ii. p. 412. Desor, 1858, Synopsis , p. 75. Duncan , 1885, 
Quart. Mourn, Geol. Soc. vol. xli. p. 443. De Loriol , 1887, 
Faune Grit, du FortugEch, fase. i. p. 33. 

Test moderate, depressed, circular in tumid ambital outline. 
Ambulacra narrow, with two vertical rows of primary tubercles, 
perforate and crenulate, smaller or nearly equal in size to the 
interradial tubercles ; pairs of pores in double vertical series near 
the apex and peristome, and uniserial at the ambitus; there is 
much crowding out of the poriferous plates in the biserial parts; 
at the ambitus there are four primary components to a compound 
plate, or the lowest component may be a demi-plate, the second 
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primary from tlie adoral suture of the compound plate is the 
largest component. 

Xnterradia with two or more vertical rows of primary tubercles, 
which are largo and otherwise similar to those of the ambulacra. 

Peristome with well-marked branchial incisions. 

Fossil. Oolite : Europe. Cretaceous ; England, Europe, 
Asia, 1ST. Africa. 

Diplopodia is very interesting in the construction of the ambu- 
3acral plates, which, when compound, are “ diadematoid on the 
other hand, Feclinopsis , according to Do Loriol, has the middle 
plates of its compounds formed upon the “Echinus n type first 
described by J. Mliller. 


Genus Pedinopsts, Colteau , 1863, Ech . Foss, rfe Pyren^ Fxtr. de 
Conr/r. Scu de France , 28 Sess. Bordeaux , p. 16; 1879, Ech. 
Foss, de V Alger, fasc. 5, p. 207 (P. Desori). De Loriol , 1887, 
Fame Orel, du Fort ,, Ech . fasc. i. p. 53, pi. x. figs. 7, e, h. 

Test moderate, thin, tumid, subconical, fiat actinally. 

Ambulacra moderately wide; pairs of pores biserial throughout, 
or poly serial at the peristome, or uniserial at the ambitus; inter- 
poriferous area with two or more vertical rows of small perforate 
and eremilate primary tubercles; the compound plates high, 
numerous, and the middle plate of each arranged with the others 
upon the “ Fehimis ” type. 

Interradia! areas with numerous plates not much higher than 
the compound ambulacral plates, with several or numerous rows 
of small distant primary tubercles, resembling those of the am¬ 
bulacra and diminishing in number abactinally. 

Peristome with feeble branchial incisions. 

Fossil. Cretaceous: England, Europe, 1ST. Africa. 


Genus AoAOTiiEcnimrs, Duncan Sf Sladen, 1882, Pat hid 
scl\ xiv., Foss. Fch. W. Sind , pt. ii. p. 34, pi. viii. 

Test turban-shaped, fiat actinally. 

Ambulacra convex from side to side, one half of the breadth of 
the interradia, with two vertical rows of primary tubercles ; pores 
in numerous pairs, diplopodous apically, in single series actinally, 
very numerous, close, from five to eight pairs to a compound 
plate ; zone narrowest actinally, slanting from, the interporif crous 
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areas. Every compound plate lias not a tubercle, for smaller 
wedge-shaped compound plates intervene between those with 
tubercles. 

Interraclia with sunken median areas ; plates distinctly sutured 
and high. Primary tubercles of both areas well developed, some 
on raised areolse, all with a broad-based conical boss, largely ere- 
nulated, with ridges passing down their tall flanks, and a small 
imperforate mamelon. Secondary tubercles and granules sharply 
pointed and spiny. 

The apical system and peristome of the species of this inter¬ 
esting group are lost. 

Fossil. Eocene : Asia, W. Sind. 

The place of this genus must bo provisionally with the JDia- 
dematidse. 


Genus Phxmechinus, Desor , 1858, Synopsis, p. 138, pi. xvii. bis. 

Test rather large, tumid in marginal outline, subhemisphe- 
rical, and depressed abactiually, broad, flat, and slightly tumid 
actinally. Coronal plates numerous. 

Apical system small; madreporite large; basals unequal, some 
radial plates entering the periproetal ring. 

Ambulacra straight, rather broad, especially actinally ; pairs of 
- pores diplopodous, close vertically, crowded at the peristome ; 
plates compound, with at least five pairs of pores, Interpori- 
ferous areas with two vertical rows of large, projecting, plain, 
imperforate primary tubercles, with many surrounding granules, 
extending from the peristome to the apex. 

Xnterradia broad, with two very prominent vertical rows of 
primary tubercles, resembling in structure those of the am¬ 
bulacra, but larger, with four rows of small secondary tubercles, 
extending nearly to the peristome and diminishing above the 
ambitus. 

Peristome very large, decagonal, with very decided branchial 
incisions ; inter radial lips small. 

Fossil. Oolite: Europe. 


Genus Asteropsis, Cotteau , 1883, Bull. Soc. ZooL de France , 
ser. 2, vol. viii. p. 450. 

Test of moderate size, circular in ambital outline, swollen 
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above, depressed and subpulvinate actinally. Apical system 
wanting, large. 

Ambulacra with two vertical rows of small, imperforate, ere- 
nutate, primary tubercles; poriferous zones straight, the pairs 
biserial to below the ambitus, in barely oblique triple combina¬ 
tions, not increasing near the peristome. 

Interradia with abactinal hare median areas, broad, with two 
vertical rows of small distant primary tubercles resembling the 
ambulacra!, with large bosses and small mamelons, all diminishing 
abactinally, serobieulate; small crenulated secondaries between 
the primaries and the poriferous zones; granules abundant 
around the tubercles. 

Peristome sunken, subcircular. Spines slender, elongate, 
cylindrical, marked throughout with granular costa?, which are 
regularly placed; the ring is crenulated. 

Fossil* Upper Cretaceous: Europe. 

Genus Diplotagvea., ScJiliiter , 1S71, Zeitsch. /. cl. ejes . Naturw. 
( G-iebel ), n. F., Ed. iv. p. 389. Zitiel , 1879, Palceontol . 
Bd. i. Lief. iii. p. 509. 

Test thick, high, conical, spheroidal. 

Apical system small, with a narrow ring. 

Ambulacra broad; pairs of pores biserial, and with from live 
to eight pairs to each tubercle-bearing plate; plates compound. 
Tubercles similar in both areas, plain, numerous. 

Peristome small, central; branchial incisions small. 

Fossil. Cretaceous : Europe. 

Genus Microptga, Agassiz, 1879, Proc. Amer. Avail. vol. xiv. 
p. 200; Deport on'Challenger 9 Fvhirii , 1881, p. 67. .'Duncan, 
1885, Journ. Finn. Soc* ( Zool.\ vol. xix. p. 110, pi. 5. fig. 11. 

Test large, thin, flat actinally, with a rather sharp circular or 
subpentagonal ambitus, arched upwards towards the low flattened 
abactinal surface, broader than high. 

Apical system central, with a small periproct, its membrane 
with small plates, with miliaries ; anal opening minute. Basals 
- uniform, largely perforate, angular towards the interradia. Madre- 
porite in the usual basal. Eadial plates all entering the narrow 
periproctal ring, concave at the distal edge whore the pore is 
situate. 
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Ambulacra narrow, with two vertical rows of perforate, plain, 
primary tubercles; the poriferous zones with diplopodous pairs, 
which are numerous, close vertically, distant horizontally, and 
regular. Plates numerous, low r , broad, composed, above the 
ambitus, as elsewhere, of three small plates ; tlxe adoral and 
aboral are low broad demi-plates and the middle plate is a primary 
which carries the tubercle and occupies the median suture. Pairs 
of pores of a compound plate really in low' broad triplets ; only 
every alternate compound plate has the adoral pair of pores 
nearest to the ambulacra! median line. 

Interradia with many low broad plates, with many vertical row r s 
of perforate primaries slightly larger than those of the ambulacra, 
ceasing at the ambitus, and largest there ; and two rows extend 
vertically to the apex. 

Peristome moderate, star-shaped, with broad projecting arnbu- 
lacral ends, having a well-marked branchial incision and a tag on 
either side, the interradial margins being more pointed and 
narrower than those of the ambulacra. Peristomiul membrane 
with imbricating plates. 

Jaws and teeth “ diadematoid.” Spines short, slender, and stri¬ 
ated above the ambitus, slender and blunt club-shaped actinally, 

‘Recent. Philippines, Fiji Islands; 100-600 fathoms. 

Genus Plistophama, Feron Sf Gauthier , 1SSX, Belt. Foss . de 
VAlger, fuse. 8, p. 176, pi. xx. 

Test moderate, circular at the tumid ambitus, very depressed, 
nearly three times as broad as high. 

Apical system large and subpentagonal. 

Ambulacra narrow, straight, with two vertical rows of imper¬ 
forate plain primary tubercles. Poriferous zones with the pairs 
of pores biserial, actinally and dorsally, and in simple series at the 
ambitus. 

Interradia broad at the ambitus, the median area distinct and 
bare abactinally ; four or five vertical row's of primary tubercles 
in each (ormore); tubercles resembling those of the ambulacra, 
those next to the median suture the largest and passing up to 
the apex, rows oblique; plates numerous, low, broad, and oblique, 
especially at the ambitus. 

Peristome large, pentagonal; branchial incisions small. 

Fossil Cretaceous: Europe and N. Africa. 
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Oofcteau, 1882, Ball. Soc. Greol. de France, ser. 3, vol. x. p. 346, 
considers tlie genus to be close to Magnosia , and that there is a 
species at Martigues; but the structure of the apical system and 
g£ the poriferous zones forms a decided distinction. 


III. Subfamily Pedin i n m (p. 59). 

Genus Pedina, Agassiz, 1S40, Eclu Foss . de la Suisse, p. 33,. 
Wright , 1855, Pal. Soc., Fch. Ool Form. p. 171. Duncan , 
1885, Quart. Journ. Geol. Soe. vol. xli. p. 433. 

Test large and moderate, thin, circular or slightly pentangular 
in tumid ambital outline, depressed. 

Apical system small, with nearly equal hasal plates and small 
excluded radial plates ; periproct moderate. 

Ambulacra narrow; poriferous zones wide; pairs of pores 
in oblique triaerial ranks, really in exceedingly arched triplets. 
Plates low, crowded, and consisting of three components, each 
with a pair of pores, the pair nearest the median anibulaeral line 
being in the adoral plate, which is either a long low primary plate 
or a demi-plate, with its aboral suture convex towards the middle 
component; the middle plate of the three is the largest, is a pri¬ 
mary, and its pair of pores is nearest the interradio-ambulacral 
suture ; the aboral plate is either a low primary or a demi-plate, 
and its adoral suture is convex towards the middle plate, its pair 
of pores is further from the suture between the interradium and 
ambulacrum than the pair of the middle plate. Tubercles in two 
vertical rows; and they are small perforate primaries. 

Interradia broad, and with two vertical rows of small primary 
tubercles resembling those of the ambulacra, extending from 
peristome to apex, and two or four rows of secondary tubercles, 
which cease at or above the ambitus. 

Peristome small and with branchial incisions. 

Fossil. Oolite: England; Europe. 


Subgenus Psehdopedina (genus), Cotfeau , 1858, Bev. et Mag . de 
Zool ser. 2,, vol. x. p. 221; 1884, Pal Drang., Jura, livr. 06, 
p. 661, pi. 439. 

Test subcircular in marginal outline, depressed or subhemi- 
spherieal. ' 
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Apical system large, granular, flush; basals large, high, ex¬ 
tending into the iuterradia somewhat; radials small; periproct 
small, pentagonal. 

Ambulacra narrow, straight, having distant, large, perforate, 
non-crenulate primary tubercles on the flat actinal surface and 
near the ambitus only. Pairs of pores in oblique triplets, the 
ahoral pair being nearest the interradium, and the adoral nearest 
the median ambulacra! line. Plates low, compound, the three 
components being “ diadematoid ” primaries. 

Interradia with large perforate non-crenulate tubercles dimin¬ 
ishing abactinally ; plates high and granular. 

Peristome large, decagonal; branchial incisions large. 

Fossil. Oolite: Europe. 

The size of the primary tubercles characterizes this subgenus 
of Fedina. 

Genus Echinopedina, Cottecm , 1866, Rev. et Mag . de Zooh 
ser. 2, vol. xviii. p. 862. 

Syn. F chin op sis (pars). 

Test moderate, spheroidal or subspheroidal, flattened above 
and actinally. 

Apical system with a narrow ring and a large madreporite ; the 
posterior radials entering the periproctal ring. 

Ambulacra broad and straight, with broad poriferous zones, 
the pairs iu decided arcs of triplets, more or less biserial or tri¬ 
serial ; a vertical row of perforated, non-crenulate small primary 
tubercles close to each poriferous zone; small secondaries or 
large granules nearer the median line. 

Interradia with two vertical rows of small primary tubercles 
resembling those of the interradia, the broad median space being 
occupied by rows of granules or small secondaries. 

Peristome small, and with branchial incisions fairly developed. 

Fossil. Eocene: England and Europe; America, Cuba. 

The arched nature of the triplets of the ambulacra distinguishes 
Fchinopedina from Fchinopsis. Fchinopedina Gacheii of the 
Erench Eocene is the type. 

Cotteau has described Fchinopedina ciibensis from the Eocene 
of Cuba (Ann. de la Soc. Geol. de Belg, t. ix. Hemoires, 1881, p. 9, 
pi. i. figs. 1-6); and it only departs from the generic character 
by having a second vertical row of small primary and some 
secondary tubercles. The figure 8 of Cottoau’s plate i. shows 
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ambulacra! plates near the ambitus, and fig. 4 above the ambitus ; 
the difference is remarkable. The adoral pair of pores (tig. 4) 
is nearer the ambulacral median line than the others, as in 
JEchinoilrrix . 

Genus Stomechinus, Desor , 1S58, Synopsis, p. 124. Duncan , 
1885, Quart Journ, Geol . >Sbc. vol. xli. p. 435. Be Loriol , 
1887, Jfome Cref. du Fort, Eel. fasc. i. p. 65, pi. x. 

Test moderate and large, circular iu tumid ambital outline, 
subconical or sub hemispherical dorsally, more or less depressed. 
Coronal plates numerous. 

Apical system with large angular basals forming the peri- 
proctal ring, and projecting into the interradia; radial plates 
small. 

Ambulacra moderately wide; at a short distance from the 
apical system the pairs of pores are in close, oblique, triple series; 
three pairs to a compound plate, tbe adoral pair nearest the inter- 
poriferous area. A compound plate consists of an adoral and 
aboral low primary component, the sutures being convex towards 
the tubercle, and a large median primary carrying the greater part 
of the tubercle and forming the median sutural angle (diade- 
raatoid). Iuterporiferous areas with non-crenulate imperforate 
primary tubercles arranged in two vertical rows, with or without 
additional rows in the median part. 

Interradia with a primary tubercle on each coronal plate, 
similar to, or larger than, the ambulacral tubercles, imperforate 
and non-crenulate, thus forming two main vertical rows; a 
varying number of small secondary tubercles and granules on 
either side of the primary tubercles ; median area may be bare 
near the apex. 

Peristome large, pentagonal; branchial grooves large, with 
raised rims; ambulacral margins much larger than the interradia!. 
Spines small, short, blunt, striated longitudinally. 

Fossil Oolite : England and Europe; America, South. 
Cretaceous: Europe. 

M. cle Loriol’s species S. camarensis (op. cit. p. 65) is abnormal; 
for nothing can be clearer than the “ diadematoid ” nature of 
the ambulacral plates of the British types. The narrowness of 
tbe ambulacra of the peristome, the small branchial incisions, and 
the demi-plates of the ambulacra characterize M. de Loriol’s 
species, but do not bring it within our idea of Stomeclinus . 
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Genus Micropediha, Cottecm , 1866, Pal. Prang ., Grei. 
vol. vii. p. S22, pi. 1197. fig. S. Stoliczka , 1878, Od 
Fauna of 8. India , vol. iv. 3 ser. viii. 3. Pekin . p. 41, 
pi. vi. D <2 Loriol , 1887, Panne Grid, du Port., Eck. fasc. i. 
p. 61, pi. x. 

Test of moderate size, circular in tumid ambital outline, sphe¬ 
roidal, depressed actinally, or generally depressed. 

Apical system small. 

Ambulacra straight, slightly prominent; pairs of pores flush, 
in a narrow zone, either in straight or oblique series of triplets, 
the adoral pair being remotest from the interradium, and the 
aboral close to it. Plates low, composed of a low, broad, median 
primary component, and of adoral and aboral demi-plates, or the 
adoral may be a primary, the sutures convex towards the tubercles. 
Interporiferous area with several vertical rows of very small 
perforate, smooth, primary tubercles, most not reaching the apex. 

Interradia with numerous low, broad, coronal plates, with very 
numerous vertical rows of primaries resembling those of the am¬ 
bulacra, some of the plates with oblique rows. Barely more than 
two vertical rows reach the apex. 

Peristome small, circular; branchial incisions small. 

Fossil . Cretaceous : Europe, H. Africa, S. India, Asia. 

The next genus is represented by a very fine species in the 
Inferior Oolite of France, j Keterocidaris Irigeri , Cotteau, arid by 
a small fragment of a probably second species, R. tuiekense , 
Wright, from the Inferior Oolite of Yorkshire. But although 
Cotteau had the advantage of examining a flue specimen which 
was admirably drawn by Humbert, Wright, under unfavourable 
circumstances, placed the species in their proper family, and 
noted the affinities with Asirojpgga of the recent fauna. Follow¬ 
ing Wright, I am able to confirm his judgment in some points, 
after an examination of the structures of the ambulacra and 
peristome, Cotteau placed the genus amongst the Oidaridm, 
and distinguished it from any of the Diadematidm. This is 
to be regretted because really so much of our knowledge about 
the form is derived from his excellent work and Humbert's 
masterly drawing. Wright missed the points which I would 
press upon the distinguished French Eehiuodennatist, and con¬ 
sidered that the narrowness of the ambulacra and width of the 
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interradia and their numerous tubercles allied the forms suffi¬ 
ciently with Biadematidm and removed them from Cidaridm. , 

I would point out that in Humbert’s figure (Cotteau, Ech. 
de la Sarthe, Suppl. p. 338, pi. lvi. figs. 1-4) the outline of tho 
margin of the peristome is decagonal, the ambulacra! borders being 
very narrow and it is clear that there is a decided branchial cut on 
either side of the peristomial end of the best preserved ambulacrum. 
Moreover, there are indications, in the drawing of the peristome, 
that the perignathic girdle is not after the simple Cidaroid type. 
The statement of M. Cotteau that the pairs of pores form arcs 
near the peristome is strictly true, and the figure given by Hum¬ 
bert of the component plates of three compound poriferous plates 
and parts of an upper and lower one on fig. 4 are conclusive 
in respect of Cotteau’s exactitude. If the upper pair of pores 
of the fig. 4, pi. lvi. (Cott. op. he removed and the lowest 
also (they belong to defective compound plates), it will be evi¬ 
dent that three sets of triplets remain, and that each set is in 
a compound plate made up of three smaller plates, and that 
the middle one of each carries the tubercle. The thin lines 
indicate the sutures between the component plates of each com¬ 
pound plate; and it will be observed that the middle plate of 
each is the largest, occupies much of the plate at the tubercle 
end, which is near the median suture of the ambulacrum, and 
that its pair of pores is nearer the ambulacro-interradial suture 
than the other pairs of pores. Then it can be noticed that 
the adoral suture of the upper pore-bearing plate, in every 
compound plate, is slightly curved convexity adorally, and that 
it reaches the median ambulacra] sutural line just above the 
base of the tubercle. The component plate is thus a low pri¬ 
mary, and its pair of pores is placed remote from the ambulacro- 
interradial suture. On the other hand, the aboral suture of 
the lowest of the pore-hearing plates of each series has its con¬ 
vexity directed aborally, and it may noticed that the end of the 
suture is either at the median line or falls short. In this last 
instance the plate is a demi-plate; hut in either case the pair of 
pores is situated normally, that is, remote from the ambulacro- 
interradial suture. How this arrangement of the plates com¬ 
posing a component ambulacral tubercle-hearing plate is essen¬ 
tially “ diadematoid,” and is most distinct from that of any 
Cidaroid. (Duncan, Anat. Amb. Decent Diadematida), Journ. 
Linn. Soc. (Zool.), vol. xix. p. 96,1885.) 
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The arrangement is represented in the recent forms of Echi- 
nothria ?, to which genus the alliance is greater than to Astropyga . 
But other distinctions of structure between the genera are 
evident. 

The fossil form has not the ambulacra with the width and con¬ 
vexity of those of EcliinotlirLv, and the median interradial area 
near the apical system is tuberculate in Heterocidaris . 


Genus Heterocidarts, Gotteau , I860, Bull. Soc . Geol. de France , 
sdr. 2, vol. xviL p. 878 ; Ech. Foss . rfa la Sarthe , Supph p. 888, 
pi. Ivi. Wright , I860, Pc?/?. Ool. Form . p. 456. 

{Amended.) 

Test large, circular in outline at the tumid ambitus, broader 
than high, flat actinally, subconvex abactinally. 

Apical system absent in the specimens. 

Ambulacra very narrow, straight, not projecting, with two 
vertical rows of very small perforate and crcnulate tubercles. 
Poriferous zones slightly depressed, narrow; pairs of pores in almost 
straight series at and above the ambitus, although in triple com¬ 
pound plates; near the peristome the pairs of pores are in arcs and 
oblique; the tubercle of a compound plate is on the middle com¬ 
ponent plate, and the sutures of the adoral and aboral component 
plates and the middle plate are curved more or less, their con¬ 
vexities directed towards the middle plate. Usually the com¬ 
ponents are low, broad primaries; but a demi-plate may occur 
near the actinosome. 

Interradia very broad and tumid; the plates low and broad, 
carrying several rows of large, perforate, crenulate and scrobi- 
culate primary tubercles separated by a rich granulation. The 
vertical rows diminish above the ambitus; but at least four 
reach close to the apical system, especially the pair close to the 
ambulacra, so that the median vacant space is very small and 
insignificant. 

Peristome small, decagonal; ambulacra! ends small, with 
branchial incisions on their flanks. Spines long, cylindrical, 
striated longitudinally. 

Fossil . Inferior Oolite: England, Europe. 

M. Gotteau states that the auricular processes must have been 
strong. 
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Genus Echinothrin, Peters, 1853, Alh. l\ AJcad. Wiss. Berlin , 
(1S54), p. 114. A, Agassiz, 1S72-4, Revision, p. 413. Dun¬ 
can, 1885, Journ. Linn. Soc. (Zool .), vol. xix. pp. 101 and 
202. Zaven, 1887, Belt. desc. hg Linnaeus, p. 137. (Amended.) 

Syn. Garelia , Gray; Savignia , Dcsor. 

Test large, thin, tumid, moderately high, depressed, broad. 

Apical system large, more or less sunken; basals large and 
projecting into the interradial spaces; radials small and entering 
the ring; the periproct large, with a close pavement of plates. 
Coronal plates numerous. 

Ambulacra tumid, narrow, with several vertical rows of very 
small tubercles, which are crenulate and perforated, diminishing 
in number aetinally; plates numerous, low, broad, composed of 
three primaries, with the sutures convex towards the tubercle ; 
near the peristome the adoral component is small and excluded 
from the interradial suture. Pairs of pores large, in close arcs, 
the adoral pair nearest the ambulacral median line, forming, with 
others, a vertical series. 

Interradia with a bare median space, sunken, elsewhere several 
vertical rows of large primary tubercles, crenulated and perfo¬ 
rated, scrobiculate, diminishing in number abactinally. 

Peristome large, with deep branchial incisions and tags; mem¬ 
brane with small plates. Perignathic girdle with very broad, low 
ridges; processes expanded above, opening large. Jaws with the 
foramen of the pyramid an open arch, the teeth grooved. Spines 
slender, long, striated, vertieillate, more or less solid. 

Decent. E. coast of Africa, Pacific Islands, Japan, Philippines, 
E, Indian Islands, Bed Sea. 

Genus Astroptga, Gray, 1S25, Ann. Phil . vol. xxvi. p. 246. 
Peters , 1S53, Abh. h. AJcad. Wiss. Berlin (1854), p. 110. 
A. Agassiz, 1872-4, Decision, p. 417; 1881, Deport on ‘Chal¬ 
lenger' Bchini , p. 72, pi. x. a. fig. 9. Duncan , 1885, Journ . 
Linn . Soc. (Zool.), vol. xix. p. 106, ph v. (Amended.) 

Test large, tumid at the ambitus, depressed, thin, more or less 
flexible; ambulacra bulging. 

Apical system large; basals large, triangular, elongate; radials 
much smaller, narrow, and entering the periproctal ring. Mem¬ 
brane with circular rows of plates. 

Ambulacra narrow, convex, with two vertical rows of large, 
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crenulate and perforate primary tubercles; poriferous zones 
broad; plates compound, large, high, composed at the ambitus 
and actinally of two sets of triplets, each consisting of low, broad 
primaries, sometimes with ademi-plate, with their sutures curved, 
convexity towards the tubercles; pairs of pores in oblique sets of 
three pairs, really in close triplets, the adoral pair of a compound 
plate being nearest the ambulacral median line and the aboral 
the most remote. 

Interradia with a broad median area abactinally, elsewhere 
with several rows of crenulate and perforate primaries, slightly 
larger than those of the ambulacra, each with a large flat scrobicule. 
Coronal plates rather numerous, low and broad, overlapping more 
or less, pitted inside and some split longitudinally or not. 

Peristome variable in size; branchial cuts large; membrane 
with plates, the largest carrying spines. Jaws small; teeth 
grooved. Larger spines about one half of the diameter of the 
test, striated, verticillate. 

Recent. Panama, Gulf of California, Zanzibar, Philippines, 
East-Indian Islands. 

Genus Polycyphus, Agassiz, 1846, Cat. Rais, des EchAnn. d. 

Sci. Kat. ser. 3, vol. vi. p. 361. Decor , 1858, Synopsis, p. 117. 

Gotteau , 1863, Rev. et Mag. de Zool. ser. 2, vol. xv. p. 261. 

Test small, subconical or hemispherical dorsally, tumid at the 
circular ambitus, rather flat actinally. 

Apical system small; basal plates large and united; periproct 
oblique or not. 

Ambulacra straight, rather wide, with rather broad poriferous 
zones, which may be sunken; pairs of pores in close and very 
oblique triplets, triserial abactinally and polyserial actinally; 
plates low, compound, “ diadematoid,” Tubercles of the inter- 
poriferous areas small, plain, in four or more vertical rows, the 
outer the larger* 

Interradia with numerous low broad plates, each with two 
horizontal rows of numerous plain tubercles, resembling those 
of the ambulacra; but one row has small tubercles; usually the 
tubercles increase in size actinally; vertical rows five or more in 
number. 

Peristome large, decagonal; ambulacral lips large; branchial 
incisions well developed. 

Fossil. Oolite: England and Europe. 
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Genus Coeeciiiees, Desor, 1858, Synopsis , p. Ill. Coticau , JPod. 
Frang., Terr. Cret . vol. vii. pi. 1198. fig.. 6. 

Test small, tumid, spheroidal, fiattish actually. Coronal plates 
high. 

Ambulacra broad; poriferous zones broad; pairs of pores 
triserial, close, in nearly horizontal triplets: plates compound, 
low, some of three low primaries, “ diadematoid”; others with 
a large middle primary, a low ahoral demi-plate, which is broad, 
and an adoral demi-plate which is excluded from the interna dial 
suture. The middle pair of pores is nearest the interradinm. 
Tubercles very small, plain, distributed irregularly, most nume¬ 
rous and closest aetinally, hut few elsewhere. 

Interradia with the median sutural area rather depressed; 
tubercles resembling those of the ambulacra, limited to parts of 
plates remote from the median line of the area, which is naked, 
A minute granulation separating the tubercles of both areas. 
Peristome small, central, diagonal. 

Fossil. Cretaceous : Europe, N. Africa. 

IV. Subfamily Ortliop sine (p. 59). 

Genus Oethopsts, Cotteau , 1803, Fal. Frang ., Terr. Orel. vol. vi. 
p. 550. Stoliczka , 1873, Fal. InclCret. Fauna S . India , 
voL iv. 3. viii. ser. 3, Fohin. p. 45, pi. vii. Be Loriol , 
1887, Faime Cret. die Fort., Ecii. fasc. i. p. 46, pi. viii. 

Test moderate in size or small, depressed, circular or slightly 
pentagonal in ambital outline, tumid dorsally, fiat aetinally. 

Apical system with five perforated basals; madreporite well 
developed; radial plates, all or some entering the anal ring, 
which is variable in outline. 

Ambulacra much narrower than the interradia, straight; pairs 
of pores numerous, in straight series ; poriferous zone narrow; 
plates simple, low, primaries dorsally, hut near the ambitus and 
aetinally two primaries may combine, and the suture passes 
transversely through the interporiferous tubercle. Tubercles 
of the ambulacra small, perforate, and smooth; two vertical 
rows, 

Interradia with several vertical rows of small primaries re¬ 
sembling those of the ambulacra, or slightly larger, some reaching 
up dorsally. 

Peristome moderate, with well-developed branchial incisions; 
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perignathic girdle with ridges and processes which unite and 
form a small arch. 

Fossil. Oolite: England, Europe. Cretaceous : Europe, 
N. Africa, Hindustan. Eocene: Egypt. 

Be Loriol has shown that Hemipedma Scemanni, "Wright, 1855, 
is an Ortkopsk . 

Genus Eodiadema, gen. nov. 

Test small, thin, circular in tumid marginal outline, subeonieal 
dors ally, tumid and re-entering actinally, broader than high. 

Apical system moderate in size, ovoid or elliptical in the out¬ 
line of the periproct; five large basal plates, four in contact and 
the fifth or posterior separated from its fellows, on either side, 
by a radial plate. 

Ambulacra narrow, 'straight, wider than the interradia at the 
peristomial margin, narrower elsewhere; poriferous zones nan’ow; 
the pairs of pores numerous, in simple vertical series, barely 
any crowding near the peristome ; plates all low, broad primaries ; 
inter poriferous areas rather broad, crowded with blunt grannies 
dorsally, some larger grannies near the poriferous zones, and 
giving place at the ambitus to some very small erenulate and 
perforate tubercles which diminish actinally. 

Interradia broad; plates not numerous, broader than high; 
two vertical rows of perforate, erenulate and scrobiculafce pri¬ 
mary tubercles in each area, a few large at the ambitus and 
becoming rapidly very small dorsally, or replaced by distinct, 
large, crowded granulation, diminishing also actinally. Scro- 
bieules large at the ambitus, and usually coalescing. A large, 
blunt, very marked granulation occurs beyond the sci’obicules on 
each plate, and also on all the plates up to the apes, except at an 
angular space contiguous with each basal plate, and extending 
downwards, variously, along each median line, where there are 
no granules, hut a plain surface. Peristomial edge small and 
pointed. 

Peristome sunken, decagonal, small, and with well-marked 
branchial incisions. 

Fossil. Middle Lias: England. 

This is a most interesting genus; and the species Eodiadema 
gmmlata was discovered by E. "Wilson, Esq., E.G.S., of the Bristol 
Museum. The alliance is very close to the Ortkopsidas, although 
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they have smooth tubercles as a rule. It is the single primary 
plates of the ambulacra without any compound ones, coupled with 
the small tubercles of the ambulacra and the few large primaries 
near the ambitus, all the rest of the test being granular, that sepa¬ 
rate the type from Hypodiadema and Hemicidaris and Diadema, 
It is very interesting to find such a simple form so low down in 
the Mesozoic series, and it may well have been the precursor of 
the genera just mentioned. The similarity of the genus to Aero- 
mlenia is striking ; but there is evidence that the sur-anal plates 
were not present. 

If more was known about Hypo diadema, the alliauce of the 
new genus with the oldest Mesozoic forms would be very defi¬ 
nite ; but the good drawings of Desor and other describors show 
that the interradia of the genera differ considerably. 

MM. Peron and Gauthier have described Gyplwsoma Heinz i, 
and notice its abnormal nature; and they consider that had it 
been placed in Pseudodiadema it would have been equally erratic. 
Probably the classifieatory position is near OrtJiopsis , for the pairs 
of pores are in simple, low, primary plates. I have diagnosed a new 
genus for the form, and dedicate it to M. Peron. 

Genus Peboixia, gen. nov. 

Syra Gyphosoma , Cotteau, Peron et Gauthier, 1884, Eeh. 
Foss, de l’Algerie (2nd edit, of fase. 2), p. 96, pi. ix. 

Test small, circular in tumid ambital outline, very depressed. 

Apical system annular, pentagonal, symmetrical; periproct 
large, circular; basal plates equal, broad, low, perforated largely; 
radial plates small, all entering the ring and reaching the pori- 
proct, the margin of which is slightly raised. 

Ambulacra narrow, with narrow poriferous zones, the pairs 
not numerous, and in simple vertical series throughout, each in a 
low primary plate. Interporiferous areas with small granules only, 

Interradia broad, with only seven coronal plates on a side, with 
as many crenulate, imperforate and scrobiculate tubercles, largest 
at the ambitus, the rest of the plate granular; secondary tubercles 
absent. 

Peristome large, decagonal, the branchial incisions with everted 
edges. 

Fossil Cretaceous (bfeocomian) : Algeria. 
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Gyphosoma Heinzi thus becomes Peronla Heinzi, Peron et 
Gauthier, sp. 


Genus Echieopsis, Agassiz, 1810, Cat ah Syst. Ectyp. Ech. p. IS. 
Besov, 1854, Synopsis, p. 98 (pars). Be Loriol, 1 SSI, Eoc, 
Ech . aus JBcjypt. u. cl. Lib. Wilste, Palmontographica. n. E. 
x. i. (xxx.) p. 10. 

Test thin, small or moderate in size, hemispherical, or suh» 
conical and tumid abactinally, rather flat aetinally. 

Apical system narrow, the basals unequal; the radial s small 
and close to the periproct, but not forming its ring. Periproet 
large. 

Ambulacra large, straight, flush with the test; pairs of pores 
in simple straight series ; plates compound, triple, or quadruple, 
made up of low broad primaries; tubercles very small, close, 
perforate and non-erenulate, extending the whole length of the 
ambulacrum in two vertical rows placed near to the poriferous 
zones. 

Interradia with two vertical rows of small primary tubercles, 
slightly larger than, but otherwise similar to, those of the ambu¬ 
lacra ; minute granules surrounding the non-sunken scrobicules. 
Sutures of the plates distinctly seen. 

Peristome small, slightly depressed; branchial incisions slight. 

Fossil Eocene: Europe, Egypt. 

Echinopsis Eclwardsi , Forbes, of the London Clay, is an 
Echinopedim . 

Genu's Gymivodiadema, Be Loriol, 1884, Becueil Zool Suisse, 
vol. i. ETo. 4, p. 608. 

Test thin, tall, swollen, moderate. 

Apical system flush ; the madreporite triangular, slightly deve¬ 
loped ; radial plates small. 

Ambulacra narrow; poriferous zones straight, with regularly 
superimposed pairs of pores in simple series; the plates very 
numerous, low, narrow primaries; interporiferous areas very 
narrow, have abactinally very small granules, which are barely 
visible to the naked eye, yet forming vertical series; they are 
replaced aetinally by very small tubercles with perforate 
mamelons. 

Interradia very broad, covered with granules like shagreen; 

6 # 
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near the peristome there are some small tubercles, which are 
perforate and scrobieulate ; they are more developed than those 
of the ambulacra. 

Peristome (wanting) probably small. 

Fossil, Oolitic: Europe. 

The drawing of the solitary species given by De Loriol shows 
a globose test longer than broad, and very minutely granular; 
the increased size of the ornamentation actinally is very charac¬ 
teristic. 


Genus incertce sedis . 

Genus Peogohechihus, Duncan and Sladen , Pal- Ind. ser. xiv., 
Foss. Felt- W. Sind, p. 43, pi. x. figs. 1-4. 

Test small, moderately high, suhhemispherical, concave acti¬ 
nally ; margin circular and tumid. 

Apical system absent. 

Ambulacra narrow, with straight poriferous zones having 
numerous pairs of pores directly superposed and close. The 
plates compound, the adoral component a low broad demi-plate, 
the middle a large primary plate carrying two small tubercles, 
and the aboral component a low broad primary; sutures grooved 
and distinct; tubercles plain, iu two vertical series on each side 
of the median line, others near the ambitus ; low granules often 
forming ridges. 

Interradia broad; plates low; two persistent vertical rows of 
plain scrobieulate primaries larger than those of the ambulacra; 
at the ambitus two or more vertical rows occur besides, but are 
lost actinally and dorsally. Large granules with mamelons occur, 
and a row near each poriferous zone has costm passing towards 
the pairs of pores and also to the serobicules of the neighbouring 
primary tubercles. Grooves along the upper and lower sutures 
of the iiiterradial plates near the median line. 

Peristome circular; branchial incisions well developed, with 
thick everted margins. 

Fossil, Eocene: Asia. 

This is a very synthetic genus, and links the Diadematiche and 
the Temnopleuridge. 
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V. Family Cyphosomatidjb. 

Test moderate in size, circular or subpentagonal in tumid 
marginal outline, depressed, rarely subcorneal, highly orna¬ 
mented ; plates moderate in number or numerous. 

Apical system very variable in size, shape, and structure, com¬ 
pact, or with some or all radials intervening between the basals, 
and the posterior basal intruding upon the posterior inter- 
radium; with the periproet posterior, and its plates either few 
or numerous and hexagonal; arms posterior; the madreporite 
in the right anterior basal. 

Ambulacra with high compound plates, with from three to 
seven pairs of pores in an are ; near the apical system, and ex¬ 
tending variously aetinally, a biserial arrangement of the pairs, or 
not; pairs crowded or not at the peristome. The adoral and 
supra-adoral components are primaries, and the others denii- 
plates. Two vertical rows of primary tubercles. (Duncan, 1885, 
Amb. Foss. Eeh., Quart. Journ. G-eol. Soc. p. 417.) 

Interradia usually depressed dorsally, with bare median spaces ; 
rows of tubercles variable in number, larger than those of the 
ambulacra. 

Peristome moderate and large, with branchial incisions. Spines 
long and short, solid, some as needles ; striated longitudinally. 

This family subdivides with difficulty; and the two groups of 
it are not of subfamily value. 

Division I. 

Genus Cyphosoma. 

Subgenus Leiosoma. 

Genus Coptosoma . 

Gautlderia . 

TkylecMniis . 

Division II. 

Genus Micropsis. 

Subgenus Gagaria . 

Division I. 

Species with and without a diplopodous poriferous arrange¬ 
ment cannot be placed in the same genus ; and therefore only 
the diplopodous species remain in the genus Cyphosoma' as 
now constituted. Moreover, the genus now includes the species 
with the apical system encroaching upon the posterior inter- 
radium. Cotteau has found the details of the apical system; and 
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the typical arrangement is seen in C. Delmarrei , Pal. Erao^., 
Terr. Cret. vol. vii. pi. 1140; see also 0. Fouhmense, Peron & 
Gauth. Eoss. de V Alger, fasc. 7, pL vi. fig, 8, 

Genus Cyphosoma, Agassiz, 1840, Oatah Si/st. Eoiijp . Fch. p. 19. 
Desor, 1858, Synopsis, p. 86. Wright, 1869, Pal. Sou., Foss . 
Cret. Fell- vol. i. p. 128. A. Agassiz, 1878, J Revision, p. 487. 
Duncan Sf Sladen, 1882, Pal. Ind . ser. xiv., Foss. Fell . W, 
Sind, p. 31. Duncan, 1885, Quart. Journ . Geol. Soc. vol. xli. 
p. 447. J. Lambert, 1888, Bull. Soc. d. Sci . Nat. de V Tonne, 
1 Semestre. 

Syn. Fhymosoma , Haime. 

Test moderate in. size, tumid at the circular or slightly poly¬ 
gonal ambitus, swollen but depressed dorsally and actinally, 
broader than high. Coronal plates few, their sutures distinct 
superficially. 

Apical system large, with five basal plates; the madreporite in 
the usual plate, and all or some of the radial plates entering the 
periproctal ring, the posterior basal thrown more or less back¬ 
wards and intruding upon the posterior iuterradium. 

Ambulacra with well-developed poriferous zones, undulating ; 
pairs of pores diplopodous abactinally, and in arcs of from four 
to six or more pairs, and more crowded still at the peristome ; 
plates compound, high, formed of an adoral, a supra-a do ml, and 
an aboral primary component, the other plates of the compound 
being demi-plntes; the direction of the sutures of the primary 
plates of the compound is convex towards and on the boss of a 
large tubercle, the sutures usually being visible on its Hanks, 
Two vertical rows of primary tubercles. 

Iuterradia large, with two or more vertical rows of primary 
tubercles equal to or larger than those of the ambulacra and 
similar in their constitution, being imperforate and crenulate. 
Secondary tubercles exist, and small tubercles or granules in 
large numbers, the median areas often hare for some distance 
from the apical system* 

Peristome small or moderate ; branchial incisions well marked. 
Spines solid, long, sub cylindrical, aciculate, or spathiform, straight 
or bent spoon-shaped, striated or smooth; milled head and 
acetabular cuts distinct. 

Fossil. Oolite: Europe. Cretaceous : England, Europe, 1ST. 
Africa, Asia, Eocene: Asia. 
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Subgenus Lkiosoma, Cotteau $f Triger , 1859 (genus), Ech. du 
Dept. de la Sarthe, p. 271 ?, pi. xlv .; 1881, with Devon et 
Gauthier , Ech. Foss, de VAlger, pt. 2 of fasc. 8, p. 141, 
figs. 7-11. 

Sjd. Gompliechimis , Pom.; Micropelfis , Pom. 

The primary tubercles are plain, and neither erenulate nor 
perforate. Pairs of pores biserial throughout, or not so at the 
ambitus; several rows of interradial primary tubercles, or two 
only. 

Fossil. Oolitic: Europe. Cretaceous: Europe and N. Africa. 


Genus Coptosoma, Besov, 1858, Synopsis, p. 91. Duncan $ 
Sladen , 1SS2-86, Fal. Did. ser. xiv., Foss. Fch. W. Sind , 
pp. 110-117, pi. xxii. Duncan, 1885, Quart . Journ. Geol. 
Soc. vol. xli. p. 447. Lambert , 1888, IML Sue. d. JWtf. 

V Tonne (extrait), p. 7. 

Syn. Gyphosoma (pars). 

Test moderate, subcorneal, or depressed dorsally, tumid at the 
ambitus. Coronal plates few in number. 

Apical system flush, intruding somewhat upon the posterior 
interradial spaces ; one or more radial plates may enter the sub- 
circular or deformed periproctal ring; periproct somewhat thrown 
back. 

Ambulacra with uniserial pairs of pores, and in arcs throughout; 
plates formed of more than three components, uniting after the 
Cyphosomatoid type. 

Interradia with two vertical rows of primary tubercles, crenu- 
lated, and with several small secondaries upon each broad and 
comparatively low plate, larger than or of the same size as the 
primaries of the ambulacra; sutures may be visible, and the 
tubercles may be deficient dorsally. 

Peristome moderate to large, with branchial incisions. 

Fossil. Cretaceous : Europe, N. Africa, 1ST. America. Eocene : 
Europe and Asia. 

Decent . Japan. 

The genus differs from Gyphosoma ; for it is not diplopodous, 
and the poriferous plates have more than three components. It 
appears that very probably the recent Fhymosama — Gyphosoma 
crenulare , A. Ag., and also Be LorioFs 0. Morioni, should come 
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in here. Unfortunately the name of the genus refers to cuts or 
sutural impressions upon the tubercles; and those are not char 
raeters of any importance. The fine Sindian forms of Qyplmoma 
macrostoma , Dune. & Slack, and 0. uniat urn, Dune. & SI ad., are 
now species of Coptosoma. Q. Joucli , Peron et Gauth., should 
enter. 

The genus Microsoma, Cotteau, 1886, Bull. Soc. Zool. de France, 
yoI. xi. p. 715, is so doubtful on account of the bad condition of 
its specific type, that it is simply recorded. 

Genus Gatjthxebxa, Lambert , 1888, Lull. Soc. d. Sci. Wat. de 
T Tonne, 1 Semestre (extrait), p. 7. 

Syn. Cyphosoma (pars). 

Test moderate, subcircular or subpent agonal, moderately 
tumid. 

Apical system largely developed, pentagonal, with the posterior 
angle extending well into the corresponding interradium; the 
basal plates unequal; the madreporite in the largest and anterior 
lateral basal; the other lateral basals more or less hexagonal, and 
at the angles of the system the posterior basal forming a narrow 
rim to the posterior angle, and limiting the posteriorly excentric 
anus ; radial plates large, all entering and separating the 
basals. Periproctal area large, and occupied by seven or more 
hexagonal plates, forming a closed area anterior to the circular 
anus. 

Spines long, cylindrical, finely striated longitudinally. 

Fossil. Cretaceous : England and Europe. 

In one solitary instance this remarkable apical system has 
been preserved and described, thanks to M. Lambert; in all 
others there is only a large vacant space. The genus includes 
the former Cyphosoma radiation , Sorginet {subradiatiim), 1850, 
and its synonyms 0. simplex and G. spat idifera, Forbes, and 
C. perfectum, Cotteau. 

M. Lambert has founded a genus, or rather suggests the recog¬ 
nition of a genus of M. Pomel for Cyphosoma pulchellum and 
0. Said and many others. 

In agreeing with M. Lambert’s intelligent scheme, it is neces¬ 
sary to draw attention to M. Pomel’s definition, which contains 
the statement that the upper part of the “ interambulacrales ” is 
more or less depressed <£ en gouttiere 55 in the males, and hollowed 
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“ on marsupium 55 in the females. This is not quite capable of veri¬ 
fication ; but it has nevertheless originated the name of a genus, 
Thylecldniis. 

Genus Tiiylechihtjs, Pome 7,1SS8, Theses , Class. Meth p. 91. 

Lambert , 1888, Fcetr. Bull Soc. cl Set. Nat . cle V Tonne , p» 11. 

(Amended) 

Syn. Cyphosoma (pars), Cott., Per. et Gauth. 1SS1, Eeh. Foss, 
de !Alger, fasc. S, p. 172, pi. xix. figs. 8-10 (Cyphosoma 
Said). 

Test with a compact symmetrical apical system ; radial plates 
excluded. 

Ambulacra! plateshaving three components and three pairs of 
pores in simple series only. Pairs of pores uniserial throughout; 
the interporiferous areas with two vertical rows of crenulated 
tubercles smaller than those of the interradia. 

Interradia with two vertical rows of large primary tubercles 
crenellated. The median areas more or less depressed dorsaUy. 

Peristome large ; lips unequal; branchial incisions slight. 

Fossil Cretaceous: Europe, N. Africa. 

Por the generic position of Cyphosoma Heinzi, Per. et Gauth.. 
see p. 88. 


Division II. 

The genus Mieropsis, Cotteau, 1855-56, was diagnosed so as to 
include If. Desori , which has four vertical rows of ambulacral 
tubercles, and the pairs of pores in arcs of four ; the interradia! 
plates very wide and rather low, with a primary tubercle and 
three small primaries on one side, and two on the other on each 
plate. There is no doubling of pairs, and the branchial incisions 
are small; but the number of coronal plates is great. It is like 
a Coptosoma with a considerable number of coronal plates. 

A species, Mieropsis microstoma^ has three vertical rows of 
tubercles and five or six pairs of pores in ares, to a plate. Again, 
If. Leymerii has only two pairs of vertical rows of tubercles and 
three pairs of pores to a plate. All the radial plates enter the 
apical ring, "We do not understand how M. globosei 9 Cott., and 
M. leridensis , Cott., can be associated with the type species in 
the saaie genus. The Mieropsis we described from the FTtmimu- 
litic of Sind has many of the characters of, but the structure of 
the ambulacra differs from, M. Cotteau’s type. 
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M. de Loriol (Ours. Tert. de la Suisse, Pad. See. Suisse, 1875, 
toL ii. p. 16) considers Micropsis to be synonymous with the 
Cyphosomatoids with uniserial pairs of por ep(Goptosoma); but the 
height of so many of the tests of Micropsis, the considerable 
number of the coronal plates, and the small size of the primary 
tubercles are distinctive. ^Nevertheless it is evident that not 
only are there species of Coptosama in Cotteau’s list of Micro- 
psides, for instance 1L leridensis , but some require elimination 
from the family, for instance'If. Yiclali , Oott., which is alto¬ 
gether aberrant. 

The ambulacra of the species with four pairs of pores fco a 
compound plate, such as the type species M. Desori , have not the 
component plates of their symmetrical compound plates arranged 
as in the genera Gyplwsoma and Goptosoma ; on the contrary, the 
arrangement resembles that of the species of Placodiadema (p. 64), 
which have numerous components to an ambulacral plate. The 
compound plate is high, and is composed of a small, low, broad 
adoral primary, very low at the median suture of the compound 
plate; or it may he a demi-plate; next comes a large primary, 
comprising most of the tubercles and the angle of the median 
suture; then succeed aborally, two low broad primaries, their 
adoral sutures being rather curved, convexity adorally. (See 
Quart. Journ. Geol. Soc. vol. xli. p. 431, fig. 8.) This arrange¬ 
ment may also occur when there are five pairs of pores to a com¬ 
pound plate; and then the last pair of pores is in a low broad 
primary, which resembles the aboral primaries of the other 
plate. This kind of arrangement is not seen in any species of 
Gyphosoma ; and therefore there is a good physiological difference 
between the species with numerous pairs of pores and those 
with few which have been included in Micropsis and Gyphosoma 
or Goptosoma . 

The species with three pairs of pores in an ambulacra! plate 
may be grouped around Micropsis mmstula , Dune. & Sladen, 
1884, Pal Inch ser. xiv., Foss. Ech. Sind, p. 119, pi. xxii. figs. 1-7. 
The apical system has large basal plates ; a radial enters the ring, 
and the periproet is large and deformed ; the amulacra are narrow, 
and have two vertical rows of small perforate and crenulate pri¬ 
mary tubercles and two vertical rows of secondary tubercles; 
the plates are high and compound ; the adoral plate is a large 
primary carrying the bulk of a tubercle, and the other plates, 
placed aborally to it, are low broad primaries. The difference 
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between this arrangement and that already noticed is that in tlie 
instance of the plates with more than three pairs of pores the 
adoral primary is added, as it were, to the compound. 

The interradia have cnly two vertical rows of primary tubercles, 
very slightly larger than those of the ambulacra; and there are 
two vertical rows of small secondary tubercles. 

Micropsis Ley merit , Cott., and M. tVOrbignii , Cott., appear to 
be associated with this Sindian species in a little group which is 
hardly worthy of more than a subgeneric title (see Gagarici). 

A new genus or subgenus is required for M. Vidali , Gott.; for as 
we define the species it is a JPsammecJiimis with crenuiate tubercles. 

Having made these necessary remarks, we proceed to give 
the diagnosis of Micropsis, which is transitional between the 
Cyphosomatiche and the Diadematidse. ■ 

Genus Micropsis, Coiteav , 1855, Ech . des Pyrin ., Bull . Soc. 

Geol. de France, ser. 2, vol. xiii. p. 326; 1882, Bull . Soc . Zooh 
de France, vol. vii. p. 411. Duncan and Slade n , 1884, Pah 
Inch ser. xiv., Foss . Fch. of Sind, p. 119. {Amended.) 

Test of variable size, circular or slightly polygonal in tumid 
marginal outline, tumid dorsally, sub conical, subhemispherical 
or depressed, concave aetinally. 

Apical system flush, with a large periproct, large basals, and 
one or more of the radial plates may or may not enter t^e ring. 
Coronal plates rather numerous. 

Ambulacra with small primary tubercles, perforated and ere- 
nulated, in two or more vertical rows ; pairs of pores from three 
to five in number; plates compound; the aboral components low 
and broad, with adoral sutures convex adorally, and the adoral 
component a large primary carrying the tubercle; a low primary 
or a demi-plate may or may not form the lowest part of the com¬ 
bi nation. 

Interradia with many or few vertical rows of primary tubercles 
and secondaries. 

Peristome small; branchial incisions well developed. Spines 
slender, long, subcylindrical, striated longitudinally, sharp. 

Fossil Cretaceous: Europe, Eocene : Europe, Asia, Egypt. 

Subgenus Gagarta, Duncan. 

Syn. Micropsis (pars). 

Tests with two vertical rows of primary tubercles in each area, 
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and with only three pairs of pores in each compound ambulacra! 
plate. 

Fossil Cretaceous: Europe. Eocene : Asia (Sind). 

The specific type is Gagaria (Micropsis) venustula , Dune. & 
Bladen, 1884, Pal. Xnd. ser. xiv., Eoss. Ech. W. Bind, pt. iii. 
p. 119, pi. xxii. figs. 1-7, from the Nummulitic. 

M. Lambert, 1888, Bull. Soc. d. Sci. Nat. de lTonne (extrait), 
contains some excellent remarks hearing upon M. Pomel’s sub¬ 
division of Oyphosoma. 

VI. Eamily Abbacixd js, Gray . (Amended.*) 

Test moderate in size, subhemispherical or subconieal, depressed 
dorsally, flat actinaliy; epistroma with granules, projecting 
ridges, grooves, sessile glassy knobs, elongate or rugose, and 
tall, especially on the bare dorsal interradial median areas. 

Apical system large; the periproct oval and oblique; the 
periproctal plates four, rarely more, triangular; the radial pores 
adoral, double. 

Ambulacra straight, narrow, expanding near the peristome; 
pairs of pores simple or in large arcs, or crowded actinaliy; the 
plates compound near the ambitus, the middle component a large 
primary; the adoral and aboral being demi-plates with very 
curved sutures, their direction being nearly vertical towards the 
ambulacral median line ; or the primary is adoral and the demi- 
plates are aboral to it. 

Interradial plates with several or few vertical series of primary 
imperforate, non-crenulated tubercles, usually larger than those 
of the two rows of the ambulacra; with expanded bosses. Ten¬ 
tacles heteropodous. Spheridia solitary or numerous. 

Peristome large, incurved at the sides of the ambulacra, and 
with branchial tags. Teeth keeled. Jaws with the pyramidal 
foramen open above. Plates united along the vertical sutures 
by do welling, some of the projections may be large and lamellar. 

Genus Arbaeia . 

Echinocidaris (gen. nov., non auct.). 

Ccdopleurus . 

Podocidaris. 

* Eor the structures noticed in this definition, see Duncan and Sladon, 
Journ. Linn. Soc. yol. six. 1SS5, pp. 25 d scq. ; and Loveii, 1887, Ech. descr. by 
Linnaeus, pp. 80 d seq . 
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Genus Aebacia, Gray, 1835, JProc. Zool. Bog. p. 58. Troschel, 
1872, Arch, f JShatury. vol. xxxviii. p. 29318/2, vol. 
xxxix. p. 808. A. Agassiz , 1874, Revision, pp. 263, 399. 
Fell, 1879, Proc. Zool. Soc. p. 436. Duncan 4' Bladen, 
1885, Journ. Linn. Bog. p. 48. Loven , 1887, Fch. descr. ly 
Linnceus , p. 80. {Amended.) 

Sjn. JEchinocidaris, Desmoulins, 1835, Liitken, 1863; Agarites , 
Agassiz, 1841; Pygomma , Troschel, 1873. 

Test moderate, thick, subcircular at the tumid ambitus, sub- 
hemispherical, depressed dors ally, flat aetinally. 

Apical system large, prominent; basals projecting into the 
interradia, long; radials entering or not the ring, the pore 
adoral double; all plates ornamented with epistroma; periproct 
oval, oblique, with four triangular periproctal plates (sometimes 
three to five). 

Ambulacra straight, narrow to the ambitus and larger there 
and at the peristome and with a projecting lip; poriferous 
zones moderately narrow, and the pairs of pores in simple pairs 
dorsally, then in arcs of three and polyserial at the peristome; 
plates low primaries dorsally, then compound with a large median 
plate and an adoral and an aboral demi-plate, their inner sutures 
nearly vertical and curving upon the tubercle. Tentacles hetero- 
podous. 

Interradia with bare median dorsal areas near the apex, elsewhere 
with from three to seven vertical rows of plain primary tubercles 
on each side of the median line, more or less oblique, larger than 
those of the two vertical rows of the ambulacra, all diminishing 
in number and size dorsally. Epistroma greatly developed. 
Secondary tubercles absent. 

Peristome large, tags or lamellae for the branchiae; ten buccal 
plates. Perignathic girdle with ridges, the ambulacra! processes 
moderate but not arched. Jaws with the foramina of the 
pyramids open; teeth with a keel. Spines long, moderately stout, 
some spathiform, cellular within, may have a “ cap.” Pedicellarim, 
some with large glands on their stalks. Plates of the test 
united at the vertical sutures by partial dowelling, some of it 
coarse. A solitary spberldium in each ambulacrum in a large pit. 

Fossil . 1ST. America, Tertiary P (The European Miocene spe¬ 
cies is a FsamnecMnus .) 

Decent. Florida, Caribbean Sea, Long Island to Yucatan, 
Brazil, Straits of Magellan, Patagonia, Chili, Peru, Panama, 
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California, Kerguelen, Philippines, W. coast of Africa, Canaries, 
Cape de Yerd Is., Azores, Mediterranean. 

Genus Echinocidaris, gen. hot. (non Desmoulins ). Duncan Sf 
Sladen , 1885, Journ. Linn . vol. xix. p. 53. Down, 
1887, JEJch. descr. by Linnceus , pp. 81 & 95. 

Syn* Arlacia (pars). (Delimits niger , Molina.) 

Test regularly arched, circular in ambital outline, much wider 
than high, gibbous in the iuterradia at the ambitus. Some radial 
plates enter the oblique, elongate periproctal ring, and are 
usually small or as little knobs ; periproctal plates normally four. 

Ambulacra narrow abactinally, and very wide at the peristome; 
two rows of plain primary tubercles, separated by miliaries; 
plates, when compound, consisting about the ambitus, of four or 
five components, a large primary plate being adoral, the others all 
demi-plales, with more or less vertical inner sutures, are aboral. 
Pairs of pores polyserial at the peristome. 

Iuterradia with high coronal plates above the ambitus, each 
with a large tubercle near the poriferous zone, and four smaller 
which extend towards the median suture, aud are near the 
adoral sutures ; minute secondary tubercles placed above the 
primaries. Hear the peristome the plates are low, and there 
are many vertical rows of primaries, packed closely and without 
very definite order. 

Peristome large, intemidial ends very small, branchial cuts 
broad. One large pit for a single spheridiuoi in each ambulacral 
median line near the peristome. Spines short on the dorsal 
part of the test except along the poriferous zones, where they 
are long. Tentacles keteropodous. Epistroma moderate. 

The union of the vertical median sutures, and also between the 
ambulacra aud iuterradia, is by do welling and dovetailing; some 
plates have lamella? or triangular prominences on their edges and 
the opposed plate-edges are correspondingly holed. 

Decent. Patagonia and Peru. 

Genus Ccelopueubus, Agassiz, 1840,"CW. Syst. Dctyp. Belt. p. 19. 
Desor, 1858, Synopsis, p. 98. A. Agassiz , 1874, Revision , 
p. 267. Duncan # Sladen, , 1SS3, Dal. Ind. ser. xiv., Foss. 
Dch. Kachh and Hatty war, p. 53 ; 1884-85, Sincl, Nari series , 
pp. 251 et seq.; 1885, Journ . Linn. Soe . vol, xix. p. 27. 

Test moderate in size, tumid aud more or less circular iu out- 
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lino at the ambitus; sub conical or depressed dorsally, flattisli 
act in ally. 

Apical system large, with an elongate periproct with four or 
more large triangular plates; basals large, united; radial plates 
with a double perforation on the adoral edge. 

Ambulacra narrow, with two vertical rows of primaries on flat 
scrobicules with well-developed bosses and mamelons, imperforate 
and non-crenulate, diminishing in size towards the apex and 
sometimes replaced there by grannies. Poriferous zones narrow; 
pairs of pores in arcs near the ambitus and abactinally, some on 
the flanks of the tubercles, becoming slightly crowded aetinally. 
Plates, primaries near the apex and becoming triple compound 
plates near the ambitus, consistiug of a middle large primary 
plate and adoral and aboral short demi-plates; the sutures of 
the demi-plates and the middle primary bent on the flanks of 
the tubercle and then directed vertically adorally and ah orally. 
Tentacles heteropodous. 

Interradia with a large bare ornamented median area 
abactinally, and having the primary tubercles largest at the 
ambitus and diminishing in size towards the apical system or 
disappearing, placed on flat scrobicules, imperforate, and without 
crenulation, surrounded with granules. 

Peristome with small branchial incisions and long tags; buccal 
membrane rugose near the teeth, with 10 small buccal plates, 
covered with pedicellarise and with large disked tentacles, other¬ 
wise the membrane is bare. Perignathic girdle slender, ridges 
broad and low; the ambulacral processes moderate and usually 
arched. Teeth keeled. Dowelling occurs between the apical 
plates and between the interradial plates. Pits with spheridia 
at the median sutural junctions of the ambulacral plates near the 
peristome. Pedieellarim with glandular stems. 

The epistromal ornamentation very generally developed; the 
furrows and ridges and long lines of granules elongate or not, 
and in zigzag, by the side of and across the interradial bare spaces, 
and S-shaped bands occur in some species; the apical system 
also ornamented. Spines long, curved, more or less triangular in 
outline, cellular within, those of some primary tubercles very 
long, some spathulate. 

Fossil. Eocene: England, Europe, N. America. Oligocene 
and Miocene : Europe, Asia. 

j Recent. Plorida, the Caribbean Sea, Bourbon, Philippines, 
Amboyna, Indian Archipelago. 
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Genus Pod goldarts, A. Agassiz , 1S69, Bull. Mm. Comp. Zool. ; 
1872, Revision, p. 269 ; 1881, Report on 6 Challenger ’ iAA 
p. 59 ; 1888, Report on 1 Bl alee 1 Ech. p. 22. 

Test moderate in size, pentangular or circular in tumid mar¬ 
ginal outline, regularly arched “but depressed abactinally, faintly 
tumid aetinally around the large depressed peristome. 

Apical system with large basal and radial plates ; periproct 
small, with four or five triangular plates; anus at their inner 
points. 

Ambulacra rising above the general level, broadest at the 
ambitus, and about equalling the infcerradia at the peristome. 
Primary tubercles plain, seen at the ambitus and aetinally only, 
the rest of the interporiferous area being furnished with short 
sessile spines, with or without pits at their bases. Pairs of pores 
in simple series. 

Xnterradia broad at the ambitus, and having the primary 
tubercles at the ambitus and aetinally, the rest of the surface 
with sessile spines similar to those of the ambulacra. 

Peristome large, pentagonal, depressed, with branchial incisions. 
Tentacles prehensile from the peristome to above the ambitus, 
and pointed and branchial abactinally. Peristomial membrane 
with buccal plates. Articulated spines restricted to the ambitus 
and under surface of the test, short and fusiform, or long and 
slender, striated, serrate, others without a socket and continuous 
with the test. 

Recent. Caribbean Sea, 150 to 590 fathoms, and Philippines, 
1050 to 1075 fathoms. 


VII. Family Temnopleueid m . 

Begular, ectobranehiate gnathostomes, with the teeth keeled, 
the pyramids of the jaws having epiphyses closing the foramen, 
the external branchiae tufted or dactylosethe ambulacra, with 
triple compound plates and subliomoiopodous tentacles; the 
suture of the ambulacra! and interradial plates and of the apical 
system grooved and may he pitted, or there may be a raised 
ornamentation, costulate or reticulate or in ridges, the sutures 
being furrowed or not. Plates united by doweling. 

Subfamily G-lyphoeypinnae. 

Tumid tests with a large apical system, the basals low, and 



GEXEBA ACT G-B01TPS GE THE ECHIXQIDEA® 


97 


either some or all the radial plates entering the periproctal ring, 
or the system is compact. Ornamentation raised, costulate or 
reticulate, with or without sutural furrows; sutural pits absent. 


Subfamily Temnopleurinte (p. 106). 

Tumid or spheroidal tests with a compact apical system, the 
sutures grooved and pitted, “ undermined’’ or not, the plates 
highly ornamented and united by do welling. 


Subfamily Glyplio cyp li in w. 

This subfamily may be divided artificially, into genera with large 
apical systems into the ring of winch some radial plates enter, and 
into genera with solid apical systems. 

Genus Glyphocyphus, 

Dictyopleurns . 

Araehnioplenrus. 

Ortholophus. 

Paradox echinus. 

Echinocyphus. 

Zeuglopleurus. 

Lepidopleurus. 

Leiocyphus . 

Coptopkyma . 

Trigonocidarls. 

Genus Glyphoctphtjs, J. Same. , 1858, Anim. foss. de VInde , 
p. 208. Desor , 1858, Synopsis, p. 102, Gotteau , 1859, Ech. 
du Dept, de la SartTie , p. 158, pi. xxviii.; 1862-67, Pal. 
Frang., Terr. Gret . vol. vii. p. 581; Bull . Soc. Zool . de 
France , 1886, p. 86. Duncan Bladen, 1882, Pal. Jmi . 
ser. xiv., Foss. Fch. W . Sind, p. 36. 

Test small, more or less tumid at the ambitus, broader than 
high, depressed spheroidal. Coronal plates moderately nume¬ 
rous. Epistroma highly developed. 

Apical system large, all the basals and radial plates entering 
a narrow periproctal ring; madreporite small, punctures dis¬ 
tinct ; pore of the radial plates adoral; periproct large, elongate, 
ovoid. 

Ambulacra narrow, straight, with two vertical rows of small, 

LIOT. JOTJEN.—ZOOLOGY, YOU. XXIII. 7 



98 


3?B0F. F. M. DTJXCAy’S BEYISIQX OF THE 


perforate, crenulate, primary tubercles, largest actinally; boss 
spreading, mamelon globose and prominent, placed upon the 
aboral third of a plate * miliaries abundant, those nearest the 
tubercle elongate, and radiating more or less towards other 
miliaries which encircle them, arrangement confused further 
away. Plates high, compound, usually three pairs of pores and 
rarely four to a compound plate, almost in straight series or 
slightly in arcs; component plates are low, broad primaries with 
straight transverse sutures. On the tumid actinal surface a few 
large tubercles exist and sometimes alternate; they have distinctly 
radiating, long miliaries, resembling short costa?, between the boss 
and the usual circle of miliaries. 

Interradia broad, with two vertical rows of primary tubercles, 
resembling, but slightly larger than, the ambulacral; a few secon¬ 
dary tubercles may exist; miliary tubercles numerous, irregularly 
placed near the edges of the plates, in circles around the bosses 
and united to them by more or less elongated ridges; a costa¬ 
like projection, or several, placed adorally to the primary tubercles, 
arising from them or from the adoral edge of a circle of sur¬ 
rounding miliaries, and thence extending to, or over, the adoral 
coronal suture of the plate. Tubercles and their surrounding 
radiations and circle of miliaries largest and most distinct actinally. 

Ambulacral and interradial transverse sutures grooved, espe¬ 
cially actinally to the tubercles, and the median sutures also. 

Peristome small, sunken, with very slight branchial incisions. 

Fossil. Cretaceous: England, Europe, and N. Africa. Middle 
Eocene ; Europe. Upper Tertiary ? : Europe. 

A comparison of the drawings of GlyphocypJms racliatus , Honing, 
sp., in the works of JDesor, Cotteau, and Wright will satisfy most 
students that either the variation of characters must be con¬ 
siderable or the details of structure have been drawn from 
indifferent specimens. Having had the advantage of examining 
perfect specimens, some of which are in the National Collection, 
it appears that the amount of variation is not great. It amounts 
to a stouter condition of the invariably narrow apical ring 
around the large periproct, especially of the anterior plates, the 
presence of an extra pair of pores in some ambulacral plates, a 
larger development of the ambulacral tubercles actinally, and 
the presence or absence of one or more short costa-like projec¬ 
tions, placed adorally to each interradial tubercle. The grooving 
of the transverse sutures of the interradial coronal plates is not 
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a simple deepening along the line of suture, for the furrow is broad. 
In every specimen there is more of the radiation of the miliaries 
from a tubercle than is given in any drawiog hitherto published, 
and the miliaries are much more crowded and irregular in shape 
than has been figured. 

The raised nature of the epistromal ornamentation is seen 
around the spaces which occur along the transverse and the 
vertical sutures in well-preserved British specimens: it gives a 
very Temnopleurine appearance to the test. The figure given 
by Cotteau, Pal. Franc, vol, vii. pi. 1128, figs. 16-22, of &-. ru- 
gosus shows the tubercles with four or five cost® projecting 
ado rally instead of one, and recalls Opechinus , JDesor. The 
sutures in this species are partly, but well grooved near the 
angles of plates. 

Genus Bictyopleurus, Duncan Sf Bladen , 1882, Dal. Lid. ser.xiv., 
Foss. Deli. W. Bind, p. 88. 

Test small, hemispherical above, slightly concave actinally, 
more or less turban-shaped. Epistroma well developed. 

Apical system : periproct oblique, elongate, elliptical, with a 
raised edge ; basals unequal, with depressions between the fora¬ 
mina and the ring; radial plates large, some enter the narrow 
ring. 

Ambulacra narrow, straight, pairs of pores in straight series ; 
tubercles of the interporiferous area very small, in two vertical 
rows close to the poriferous zones, indistinctly crenulate and 
perforate, united by a zigzag of raised broad or narrow ridges. 
Each tubercle is connected with two of the opposed row, and 
with the tubercles placed above and below, by a raised rib-like 
ornamentation. 

Interradia broad, with two vertical rows of primaries resembling 
those of the ambulacra, but more distinctly perforate and crenu- 
lated, united with those of the opposed row by abroad or narrow 
oblique or longitudinal, raised, granulated or not, series of cost®, 
and with the tubercle immediately above and below by means 
of a narrow vertical costa; the tubercles are raised above the 
common level. The sutural lines between the plates of both 
areas are visible, and are plain and not sunken. 

Peristome small, and the branchial incisions also. 

Fossil Eocene: Asia (W. Sind), Africa (Egypt). 
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Genus Aeaciifiopletjuus, Duncan $ Bladen, 1882, Pal Inti 
ser. xiv., Foss, Felt . W. Bind, p. 42. 

Test depressed, tumid at tlie circular ambitus, rising but 
slightly abaetinally. Epistrotna well developed. Apical system 
large, defective. 

Ambulacra narrow; pairs of pores in slight arcs, penetrating 
ridges which are continuous with radiating costas coming from 
the serobieular circle of ibe raised, small, perforate, crenulate 
tubercles of the interporiferous area. Tubercles of both areas 
in two vertical rows, each on a raised scrobicule from which 
radiate cost®, and the ends of these are surrounded by a circle of 
raised rib-like structure, carrying large granules. The circle gives 
off radiating cost® externally, some of which reach the circles of 
the opposed row of tubercles and others pass to the poriferous 
areas. Vertically the circles are more or less in apposition, 
Plates and sutures visible between the raised ornamentation. 
Peristome small, deeply seated; branchial incisions small. 
Fossil. Eocene : Asia (Sind). 

Genus Oetholophxts, Duncan , 1887, Quart, Journ . G-eol Soc. 
vol. xliii. p. 414. 

Test small, low, more or less pentagonal in marginal outline, 
subeonical above the tumid ambitus. Epistroma well developed. 
Apical system wanting. Periproct small and circular. 
Ambulacra half of the width of the iuterradia at the ambitus, 
straight, with slightly sunken poriferous zones; pairs in ill-defined 
triplets, nearly in straight series, appearing on the aetinal flanks 
of the costulation. Compound plates made up of a middle tlemi- 
plate and an adoral and aboral primary. A vertical row of small 
imperforate, non-crenulatecl primary tubercles is close to the 
poriferous zone in the interporiferous area; and the space 
between the rows is occupied by crowded, transverse, ridge-like 
cost®, passing from the opposite tubercles and carrying small 
secondaries, 

Interradia with two vertical rows of primary tubercles, of the 
same size and shape as those of the ambulacra ; their scrohicules 
raised, united with those placed aetinally and dorsally by vertical, 
straight cost®, and with those of the opposite row by numerous 
crowded, transverse, straight cost® with small secondaries upon 
them. 
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Peristome small, almost without cuts. 
Fossil. Australian Tertiaries (Mordialloc). 


Genus Paradoxeciiintjs, Lanbe , 1869, Sitsungsb. cl Jcais . Akcnl 
cl Wiss. Wien , Bel. lix, p, 180, fig. 2. {Amended.) 

Syn. Coptechinus , Cotteau. 1883. 

Test small, depressed, much broader than high, tumid at the 
ambitus and slightly pentagonal in marginal outline, flat actinally. 
Epistroma well developed. 

Apical system wanting, hut was large, wide, and circular. 

Xnterradia moderately broad, with a vertical row of primary 
tubercles near the ambulacra; the successive tubercles are united 
by a narrow fillet or ridge on which are two rows of small 
secondaries or large granules, and there is a zigzag of fillets com¬ 
posed of double rows of similar secondaries or granules between 
the opposite vertical rows of primary tubercles; moreover a 
zigzag exists, of corresponding structure, between the interradial 
and the amhulacral tubercles. 

The amhulacral primaries are in two rows placed vertically, 
and there is a zigzag of raised fillets between them as in the inter- 
radia. The width of the ambulacra is very slightly less than that 
of the interradia, and the primary tubercles of both areas are sub¬ 
equal, smooth and non-crenulated. The test is deep and flat be¬ 
tween the fillets, and the pairs of pores, three to a plate, in the am¬ 
bulacra are on the deep part of the test and more or less in grooves. 

The peristome is pentagonal, and the branchial cuts are slight. 

Fossil Miocene of Murray Cliffs, S. Australia. 

Laube described one species, P. novus , and the dimensions of 
the specimen are important. Height 6*5 millim., diameter 
13 millim., diameter of the apical scar 7 millim., diameter of 
peristome 4 millim. It is evident that the apical system was 
large, and from Laube’s figure it would appear that all the radials 
reached between the basals to the periproet. 

Cotteau has defined a genus Goptechimis, XS83, 4 *Ech. nouv. ou 
pen conxins ” Bull, cle la Soc. Zool. de la France, vol. viii p. 456, 
from the Miocene of France, and it is synonymous with Para- 
cl oj; echinus, Laube. 

Genus Echixocxphtjs, Cotteau , 1859, Ech. chi Dept , de la Sarthe 9 
p. 226, pi. xxxix. bis. fig. 6 ; 1862-67, Pah Franc;. Terr. Gref . 
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vol. vii. p. 707. Wright , 1870, Pal. Soc., Monogr. Brit. 
Oret. Bch. vol. i. pt. iii. p. 116. Gregory, 1889, Ann. Sf Mag. 
Nat, Hist. ser. 6, vol. iii. p. 490. (Amended.) 

Byn. Glyplwcyplms (pars). 

Test small, tumid in circular or siibpolygonal marginal outline, 
depressed, subcorneal or tumid dorsally, tumid actinally. Epi- 
stroma veil developed. 

-Apical disk small, witli the antero-lateral basal plates narrow 
and united; postero-lateral basals moderate in size, united to 
the antero-lateral basals, and meeting anteriorly to the periproct. 
Posterior basal absent in the type, but its impression left between 
the postero-lateral radial plates, both of which enter the peri- 
proctal area, denotes that it was broad from side to side and low. 
The anterior and antero-lateral radial plates are excluded. Peri¬ 
proct oval in shape, somewhat posterior. 

Ambulacra straight, narrow, with some high plates placed 
abactinallv to very low ones ; two vertical rows of imperforate, 
cremulate, primary tubercles; mamelon globose, boss expanded, 
small abactinallv, largest below the ambitus, where sometimes 
one may occupy nearly all the breadth of an ambulacrum; 
surrounded by stout and irregularly placed miliaries, or by com¬ 
pressed ridges which radiate from the tubercles. Poriferous 
zones narrow, pairs in very slight arcs, usually in triplets, and 
then the plate is made up of three low primaries with straight 
transverse sutures; or with four or even five pairs, but then the 
fourth and fifth pairs are in low primary plates independent of 
the high compound one. There may be some grooving of the 
ambulacra! sutures and a continuity of ridges between the eleva¬ 
tions, on which pairs of pores are placed, and ridges coining from 
the circular rows of miliaries around the interradial tubercles. 

Interradia with two vertical rows of primary tubercles slightly 
larger than, but otherwise resembling, those of the ambulacra; 
miliaries radiating from the primaries compressed from side to 
side, or tear-shaped. The larger tubercles are actinal, and usually 
they have a circle of granules around the radiating series of com¬ 
pressed miliaries. Transverse coronal sutures simply and narrowly 
grooved. 

Peristome small, sunken, with very small branchial incisions, 

Fossil, Cretaceous: England, Europe. 
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Genua Zetolopleiirus, Gregory, 1889, Ann. 4' Mag . Mat Mist. 
ser. 6, vol. hi. p. 494. 

Sjn. JEcMnopsis (pars); Fchinocyphus (pars); Grlycocyphus 
(pars). 

Test small, globular, depressed below, slightly conical above; 
sides tumid. Epistroma well developed. 

Apical disk somewhat solid, the two postero-lafceral radial plates 
enter the periproctal ring; the antero-lateral pair o£ basal plates 
meet the adjoining basals, and thus the antero-lateral and anterior 
radial plates are excluded from the ling, while the peiiproct is 
pushed towards the posterior end; the posterior basal is very 
narrow. All plates perforated by the xnadreporite. 

Ambulacra somewhat narrow and straight. Each bears two 
rows of primary tubercles, which are slightly smaller than those 
of the interradia, and are crenulate, imperforate, and surrounded 
by small scrobicules, broken by series of radiating costulate 
ridges which unite with those of the adjoining plates above and 
below; the rest of the plate with miliary granules arranged with 
some regularity. The horizontal sutures are notched with 
grooves much as in Glyphocyphus , which affect especially the 
adoral edge of the plate, so that the lower plate projects above 
the tipper one. In the poriferous zones the pairs of pores are in 
single and nearly straight vertical rows; the plates nearest the 
apex are primaries; but proceeding actinally they become fused 
to compound plates of two or three primaries; a single primary 
is often intercalated between two compound plates. 

Interradia one and a half times as wide as the ambulacra ; the 
epistroma similar to that upon the ambulacra! plates, but more 
developed. A single vertical row of primary tubercles on each 
side of each interradium; the tubercles larger than those of the 
ambulacra and connected by costulate ridges, and the rest of the 
plate is covered with very close miliary grannies; a small row of 
secondary tubercles may be developed in the aboral external 
comer of each plate. Tubercles imperforate and crenulate. 

Peristome about equal to the apical disk in size; branchial 
slits small. 

Fossil. Cretaceous : England, Europe. 

The type is ZeuglopJeurus cosfuhtus, Greg. 



104 


FEOE. P. jST. BTOCAjV’s EETISIOK QE THE 


Genus Lepibopletjetjs, Duncan § SI a clen, 1885, Monogr . Foss. 
Fch. W. Sind, Pal Ind. ser. xiv. p. 306. 

Test small, nearly hemispherical or turban-shaped. 

Apical system large, solid; basal plates large; radial plates 
excluded from the ring, their pores adoral. Epistroma moderate. 

Ambulacra small; poriferous zones slightly sunken, pairs of 
pores in simple series of triplets; plates composed of an aboral 
and larger adoral primary with an intermediate demi-plate ; near 
the apical system are a few low primary plates. Interporiferous 
area crossed by a zigzag of raised granular ridges, uniting the 
tubercles. 

Interradial plates scale-like, with the adoral edge overlapping a 
corresponding depression on the aboral edge of the ac tin ally 
placed plate; two vertical rows of primary, plain tubercles con¬ 
nected by narrow, vertical ridges. 

Peristome small, and the branchial incisions small. Transverse 
sutural lines sunken. 

Fossil Miocene: Asia. 

Genus Leiocyphus, Gottean , 1866, Pal Prang,, Terr . Grit, 
vol. vii. p. 760, 1862-67. 

Test small, circular at the ambitus, tumid dorsally, almost hat 
actinally. 

Apical system narrow, not solid (judging from the shape of the 
space). 

Ambulacra with narrow poriferous zones, with simple series 
of pairs of pores throughout; plates compound, and in triplets of 
primaries, Tubercles of both areas nearly equal, plain, subscro- 
biculate, somewhat elongated at the ambitus and dorsally, but 
losing this character actinally. Secondary tubercles compressed 
and elongate in the vertical direction abactinally, globular acti¬ 
nally. Coronal interradial plates moderate in number (14), with 
more or less deep grooves in the horizontal sutures. 

Peristome small; branchial incisions very small. 

Fossil. Cretaceous: Europe. 

Genus Coptophyma, Peron et Gauthier, 1879, Ech. foss. de 
VAlgerie , fase, 5, p. 209, pi. xv. 

Test small, tumid at the circular ambitus, subdepressed dorsally 
and flat or slightly tumid actinally. 

Apical system well developed, with five large basals completing 
the large pentagonal periproctal ring; radial plates large. 
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Ambulacra narrow, with granules only in tbe interporiferous 
areas, some having mamelons. Pairs of pores in low, broad 
primary plates and in simple series abactinally and at tbe ambitus; 
actinally the series also persists, but there is a small demi-plate 
intercalated close to the median ambulacral suture actinally to 
large granules. This plate is sunken and has a pair of pores, 
but probably is not in connexion with the ambulacro-interradial 
suture. 

Interradia with two rows of vertically placed, large, crenulated, 
imperforate tubercles, and no secondary tubercles. The trans¬ 
verse sutures below the tubercles are deeply grooved, the base of 
the tubercles being affected. 

Peristome subcircular, with branchial incisions; the ambulacral 
lips as large as those of the interradia. 

Fossil . Cretaceous ; bC Africa. 

Genus Tpjooxocidabis, A. Agassiz, 1869, Bull. Mas. Comp. 
ZooL vol. i.; 1872-74, Revision, p. 289; 1SS1, e Challenger ’ 
Report, p. 111. 

Test small, thin, regularly arched above, circular in marginal 
outline, depressed actinally. Epistroma moderate. 

Apical system ornamented or not, with very large basal plates, 
excluding the radial plates from the elongate periproet, which is 
covered by four plates, one being much the largest. 

Ambulacra with two principal vertical rows of plain primary 
tubercles, united together by a reticulation of raised ornamen¬ 
tation, producing the appearance of ridges and farrows; pairs of 
pores in straight series. 

Interradia with rows of plain tubercles slightly larger than 
those of the ambulacra, and joined by the same kind of ornament; 
sutures of the plates either in the furrows between the ridges or 
not visible; small secondary tubercles may be amongst the variable 
ornamentation. 

Peristome with slight branchial incisions, the actinal membrane 
with ten buccal plates and others which imbricate. Spines 
moderately long, slender, striated. ' * 

Recent. Florida, Caribbean Sea; Josephine Bank; Kemadec 
Islands. 

The genus requires more careful working out, and from the 
present knowledge of the species it should be classified with the 
Ghjpliocyphince, but it has alliances with the Temnopleimnce . 
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Subfamily Te m nop leu r i n ce (p. 97). 

Genus Temnopleurus. 

Subgeims Pleurechinus. 

Germs Temneehmus. 

Balmacis . 

Subgenus Salmacopsis, 

Genus Mespilia. 

Microcypints. 

Amblypneustes . 

Goniopneustes. 

Holopneitstes. 

Genus incertm sedis : Grammechinus. 

G-enus Temhopleuetts, Agassiz, 1841, Monogr. Ech viv. et foss 
Preface to Valentin, Anat . Gen. ’Echinus, p. 7. Herldots, 
1854, Jbs-s. ch JfltYi'. (Leule), p. 4, pi. i. Desor, 1858, Synopsis, 
p. 104. A. Agassiz, 1874, Revision, p. 460. Martin , 1880, 
Rev. Eoss. Ech. Java, Motes Leyd. Mus. vol. ii. pp. 78-85. 
J. Bell, 1880, Rroc . Zool. Boc. p. 422. Duncan $f Bladen , 
1888, Pal. 2nd. ser. xiv., Ech. Kachli Sf Eat. p. 54. Duncan , 
1888, Journ. Linn. Boo. vol. xvi. p. 850; 1888, Ann. Sf Mag. 
Mat. Hist. ser. 6, vol. i. p. 109. 

Test stout, small and moderate in size, circular or slightly 
pentagonal at tire tumid ambital outline, subconieal and depressed 
abactinally, tumid and reentering around the small peristome. 
Coronal plates moderately numerous, with much epistroma. 

Apical system small, compact, slightly projecting j basal plates 
thick, mostly united, the largest the right anterior containing 
the madreporite, which has circular pores; all have secondary 
tubercles for spines and a rather large genital perforation. 
Badial plates small, excluded, or one may enter, tumid, broad at 
their actinal edge and ornamented above with miliaries and 
small tubercles for pedicellarise and spines. Pore situated 
adorally and divided externally by a vertical septum; furrows 
over the sutures and a deep pit aetinally to each radial plate. 
Periproct variable in size and in the number and size of its plates 

Ambulacra straight, narrow; pairs of pores in slight arcs of 
threes, the inner pore of a triplet the adoral; plates rather high, 
compound, made up of a large adoral primary containing the adoral 

* Bee the variations shown on pi. viii., A. Agassiz, Revision, in T, Harclwiclcii 
and r T. Bcynaudi and compare with T. tomimaticus. 
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pair of pores, of a small demi-plate with the middle pair of pores, 
and an ahoral low, wide primary with the aboral pair of pores of 
the triplet Two vertical rows of well-developed primary tu¬ 
bercles in the interporiferous area, and large secondaries; some 
of the smaller secondaries and miliaries placed around the narrow 
depressed scrobicule of the primary tubercles, which have a large, 
conical, distinctly crenulate boss, and the well-developed mamelon 
is smooth and rounded. Tentacles stout and homoiopodous. 

Interradia broad, with two vertical rows of primary tubercles 
resembling or slightly larger than those of the ambulacra, with 
numerous secondary tubercles arranged more or less around them, 
and miliaries; a process aetinal to each tubercle. 

All the plates of the test, except the component ambulacra! 
plates, united by a dowelling of knobs and sockets. The trans¬ 
verse sutures of all plates grooved deeply and widely, either 
throughout their length or near the ends ; deep pits at the angles 
of sutures and along the ambulacro-interradial sutures, under¬ 
mining much of the test; pits large, in the ambulacra! median 
line actinally and with large broad-topped spheridia. 

Peristome small, branchial incisions very small, branchiae nar¬ 
row, daetylose: aetinal membrane bare, only with ten small broad 
tentacular plates ; perignathic girdle well developed, its foramen 
small, processes united. Pyramids of jaws with a tall foramen 
closed above by epiphyses; teeth keeled. Spines variable, mode¬ 
rate, slender, more or less compressed, striated, with a milled 
ring, sharp or blunt at the end, especially actinally. Many 
globiform pedicellariae with short stalks and others with long 
stalks and long soft processes; similarly stalked small triphyllas 
in great numbers. 

Fossil. Tertiary: Java. Mekran Series: Persian Gulf. Sub- 
fossil : Eed Sea. 

Recent. Japan, Kamtschatka, Philippines, Arafura Sea, Mergui, 
Ceylon, China, E. Indian Islands, Persian Gulf, New Zealand. 

Subgenus Plettrechinus, Agassiz (genus), 1841, Monogr . d'Ech. 
mv. el foss., Fref. to Valentin , An at. Gen. Fch. p. 8. A. 
Agassiz, 1873, Revision , p. 464 ; 1881, £ Challenger 9 Report , 
p. 10. Martin , 1SS0, Rev. Foss. Fch. Java , Notes Legd. 
Mus. vol. ii. pp. 73-85. Duncan , 1883, Journ. Linn. 8oe. 
vol. xvi p. 447. 

Test rather high, apical system highly ornamented, grooves of 
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tlie sutures often or not with regular deep portions, and the pits 
deep at the angles, or sutures deep and plain. Tubercles plain 
or indistinctly crenulated. Knobs and sockets of the do welling 
few in comparison with Temnopleurus . 

Fossil Tertiary: Java. 

Recent . Japan; Arafura Sea. 

The genus Op echinus, Desor, 1858, Synopsis, p. 107, has several 
shallow pits in each transverse coronal suture, and its author 
considers that there are recent and fossil species; amongst the 
first he instances none, hut probably meant to refer to Fleur - 
echinus; in enumerating and describing the fossil forms he mentions 
the so-called Temnophitri of the Nummulitic of Sind. It has been 
shown (Duncan & Sladen, Pal. Ind. ser. xiv., Eoss. Ech. of Sind, 
1882, pt. ii. p. 86, and same series Ech. Kachh Sc Katty war, 1888, 
p. 54) that the forms described by d’Archiac and TIairae were 
not from the Nummulitie, but from the higher Tertiaries, and 
that they could not be separated from Temnechimis , Eorbes. But 
it is quite evident that several of the Temnechini , when rolled 
and weathered, show several shallow pits along the transverse 
sutures. All the specimens seen by d’Archiac and XTaime w r ere 
in a most wretched condition, and are still in the museum of the 
Geological Society of London. 

We do not consider that Opechinns is a good genus. 

Genus Temechiwcs, Forbes, 1852, Fal SoeMonocjr. Brit . Tert. 
Fch, p. 5. Desor, 185S, Synopsis , p. 105. A . Agassiz, 1872- 
74, Revision, p. 285; 1888, 1 Blake 1 Fchin. p. 37. Duncan 
$ Sladen, 1883, Pal Inti ser. xiv., Felt, of Kachh Sfc. p. 57. 

Syn. Opechinns, Desor. 

Small or moderate-sized tests, subglobular, depressed abac- 
Dually. Epistroma moderate. 

Apical system prominent, sutures between the plates more or 
less grooved ; a large periproetal plate and a few small anal 
ones 

Ambulacra with a slightly undulating series of pairs of pores ; 
pairs in triplets, the middle pair in a demi-plate, the adoral com¬ 
ponent a large primary, the aboral component a smaller primary; 
two vertical rows of small plain primaries in the interporiferous 
area. Interradia with primaries resembling those of the ambu¬ 
lacra but larger; some secondaries. Transverse sutures of 

* This refers to T. maculatus, A. Ag., the recent species. 
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coronal plates variously and more or less deeply furrowed; 
grooves at the angles. 

Peristome moderate, with branchial incisions ; processes of 
perignathic girdle slender and closed abo.ve. Teeth heeled. 
Spines short and slender, (Occasionally a true pit, but not under¬ 
mining the test, is seen at a sutural angle, and a crenulate tubercle 
is very rarely visible.) 

Fossil. Miocene: W. Sind, Kach, Kafctywar. Pliocene : Eng¬ 
land. Mekran Series: Persian Gulf. 

'Recent. Caribbean Sea, Elorida; Azores; Josephine Bank. 30 
to 600 fathoms. 

It has been shown, Duncan & Sladen, Pal. Ind. ser, xi\ r ., Eck. 
Kachh &c. p. 54 et seq., that MM. d’Arehiac and Haime were 
misinformed regarding the JSTummulitic distribution of the 
Temnechini of Sind, and that the forms they described in £ Les 
Animaux foss. de 1’Inde ’ as Temnopleuri were Temnechini. The 
habitat was clearly on a Miocene horizon. 

Genus Salmacis, Agassiz, lS£l,Mo}iogr. cVEch. vie. et foss., Preface 
to Valentin , Anat. dit Gen. Fell. p. 8. JDesor , 1S58, Synopsis, 
p. 108. A. Agassiz, 1872-74, Revision , p. 471. /. Bell, 
1880, Proc. Zool. Soc . p. 422. Duncan , 1883, Jo urn. Linn. 
Soc. vol. xvi. p. 345; 1888, Ann. Sf Mag. Wat. Mist. ser. 6, 
vol. i. p. 109. Ramsay , 1S85, Gat. Ech. Austr. Mus. p. 47. 
Test varying in size and shape, moderate and large, circular 
or subpentagonal in tumid ambital region, broader than high, 
subeonical, globose abactinally, flatfish or tumid aetinally. Co¬ 
ronal plates numerous, low and broad. 

Apical system moderate or small, the basal plates uniform 
except that bearing the maclreporite, which is the largest, tuber- 
eulate around the ring, excluding or not some of the radial plates; 
sutures distinct. Periproctal membrane with small plates, some 
polygonal and carrying small spiuules and small globiforin 
pedicellarise. 

Ambulacra straight; poriferous zones broad, with small se¬ 
condary tubercles; pairs of pores biserial in close but decided 
arcs of triplets, the middle pair of pores being nearest the 
ambulacro-interradial suture and in a demi-plate. The plates 
compound, broad and low, adoral component a large primary, the 
middle a demi-plate, the aboral a small low primary. Primary 
tubercles crenulate and imperforate, those of the interporiferous 
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zones largest and most numerous actinally, two rows roach the 
apex; secondary tubercles and granules exist; scrobicules small, 
raised or not. 

Interradia much broader than the ambulacra, with numerous 
vertical rows of primaries, resembling those of the ambulacra, 
diminishing in number and size abaetinally and allowing a broad 
median space to exist; secondaries and miliaries exist. 

Hates of both areas w r itb their lines of suture narrowly grooved, 
with small but well-defined, oblique, deep pits at the angles of 
junction of all plates, and along the ambulacro-interradial vertical 
sutures. Sutural edges of plates well dowelied. 

Peristome small, subdecagonal, branchial incisions small. Bran- 
chi© moderately large, with a stout base and bunches of finger- 
shaped processes. Peri gnathic girdle with well-developed ridges 
and tall processes, expanding above, united, and with a variably 
sized foramen. Foramen of the pyramids with a closed, arch; 
teeth keeled. Peristomial membrane rugose near the teeth, plain 
elsewhere ; ten buccal plates with large tentacles and small stalked 
pedieellarise. 

Tentacles subkomoiopodous, for the abactinal are very wide 
and long, feeble in muscular structure, yet the sucker-ring exists 
and is small; actinal and ambital tentacles disciferous. Spines 
short, delicate, striated, some sharp, others fiat-ended. 

Fossil. Eocene: Europe. Pliocene, MekranSeries: Persian Gulf. 

lleeent . Bed Sea, Indian Ocean, Persian Gulf, Mergui, Philip¬ 
pines, Japan, Siam, Australian seas, E. coast of Africa. 

Subgenus Salmacqpsis, Doderlein , 1885 (genus), Archiv fur 
Naturg. Wiegm . Berlin , Heft i. p. 98. 

Test much broader than high, circular in ambital outline. 
Coronal plates high ; tubercles few, small and smooth. Abaeti- 
nally the plates near the median line are smooth. Pits sharp and 
angular, in the median line. Pores simple. Spines as in Salmacis. 

"Recent . Sigarabai, Japan, 100-150 fathoms. 

This is evidently a subgenns of Salmacis. 

Genus Mespilia, Besov, 1846, Agass. Besov , Cat. Rais ,, Ann * 

Sci. Nat. p. 357; Synopsis, 1858, p. 110. A. Agassiz , 1872-74, 
Revision , p. 477. J. Bell , 1880, Fvoc. Zool , Soc, p. 434. 
Duncan, 1888, Ann . Sf Mag . Nat Hist. ser. 6, voh i. pi. xi. 
fig. 5, p. 113. 

Test moderate in size, thin, more or less globular or oblately 
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spheroidal and depressed, broader than high. Coronal plates 
numerous. 

Apical system with a large periprocfc; the membrane with 
numerous plates, which are tuberculate; ring narrow, genital 
foramina large; basal plates broad, pentagonal, the madreporite 
distinct and in the largest; radial plates broad, excluded. Coronal 
plates numerous, low and broad. 

Ambulacra moderate in width; poriferous zones broad; 
tubercles very small, placed near the poriferous zones only, ab~ 
aetinally, and closely packed throughout aetinally. Median area 
broad, bare of primary tubercles, with pedicellariae and granules; 
poriferous zones broad, with the pairs of pores in very close 
triplets, appearing to be biserial; the inner vertical row of pairs 
of pores the most numerous, formed by the adoral and aboral 
pairs of a triplet being nearly in vertical series; the middle pairs 
of pores are in the outer vertical row, each pair in a demi-plate, 
which is placed close to the ambulacro-interradial suture. Plates 
compound, low, broad ; the adoral a large primary, the middle a 
small demi-plate, and the aboral constituent a small low primary. 

Interradia broad, with a broad, bare, median space, bounded on 
either side by a belt of several close vertical rows of small tubercles 
resembling those of the ambulacra; aetinally the tubercles are 
close and cover the plates. Sutures of the median series 
finely grooved in both areas; pits small, at the median angles. 
Dowelling occurs* 

Peristome moderate, decagonal; branchial incisions small but 
broad, and with a lip. Perignathic ridges low, processes high, 
connected, foramen large. Pyramids of the jaws with a small 
foramen arched over ; teeth keeled. 

Spines small, short, slender; pedicellariae very numerous* 

Recent, Japan, Philippines, Samoa, Celebes, New Guinea, 
Sandwich Islands. 

Genus Miohoctpiixts, Agassiz , 1841, Monogr. cVEch. via. effoss,, 
Preface to Valentin , An at. G-en. JEcli . p, 8. A. Agassiz , 1872- 
74, Revision , p. 466. J. Bell , 1S80, Proc. Zool . Soc. p. 422. 
Duncan , 1888, Ann. cf Mag. Mat. Mist. ser. 6, vol. i, p. 118, 

pi. XL 

Test moderate in size, thick, tumid, prolately spheroidal, or 
depressed, circular or somewhat pentangular in ambital outline, 
contracted aetinally. Coronal plates few and very high in the 
interradia. 
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Apical system small; basal plates broad; madreporite well de¬ 
fined ; all radial plates small, excluded, ornamented; periproct 
small; genital foramina deeply cut. 

Ambulacra rather broad, sunken or not in the median line 
and along the poriferous zone; with numerous rows of small, 
equal, plain, low primary tubercles, and small secondary tu¬ 
bercles, all more or less absent along the median line and along the 
edges of the plates near their upper and lower transverse sutures, 
but crowded on the plates elsewhere. Sutures grooved, and with 
pits at the angles, especially in the median lines. Pairs of pores in 
triplets, made biserial by the adoral pair being near the tuber¬ 
cular part of the plates, the other pairs forming a vertical row 
near the interradial suture. Plates compound, the adoral com¬ 
ponent a large primary, the middle a demi-plate, and the ah oral 
a low primary plate. Some tubercles in the poriferous zone. 

Interradia with few and very high coronal plates, with tubercles 
resembling those of the ambulacra, crowding the surface in hori¬ 
zontal rows except near the median and the transverse sutures, 
which are more or less bare; the bare spaces and also the masses 
of tubercles being triangular in outline. Median line sunken or 
not. Sutures slight, yet broadly depressed; pits at the angles of 
sutures minute. 

Peristome variable, decagonal or nearly circular; branchial 
incisions small; ten buccal plates. Perignathie ridges well deve¬ 
loped ; processes large, tall, united over a large foramen. 

Spines short and slender, shortest and tapering ahactinally. 

Bo welling of the plates distinct, near the free surface, and in 
lines passing into the test. Blocking out of some ambulacra! 
plates occurs during growth. 

Recent. Japan, East-ludian Islands, Philippines, Navigators, 
Tasmania.. 

Genus Ameuyuneustes, Agassiz, 1811, Monogr. kick. m\ etfm., 
Valentin , An at. Gem. Mck., Preface , p. 0. Desor , 1858, 
Synopsis, p. 110. A . Agassiz, 187-1, Revision, p. 478. 

J. Rell 7 1880, Proe. Zool . Roc. p. 485, pi. xli. figs. 4-0. 
Duncan, 1888, Journ . Linn , Roc . vol. xvi. p. 854; and 1888, 
Ann . Sf Mag, Wat . Mist. ser. 6, vol. i. pi. xx. fig. 18, p. 110. 

Test thin, moderate in size; circular or slightly pentagonal in 
tumid ambital outline, globular or prolate spheroidal. Coronal 
plates numerous. 
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Apical system small, slightly projecting; basal plates united j 
the genital pores at the adoral angle large or small according to 
sex ; radial plates excluded, the pore visible from above; madre- 
porite defined, openings circular; periproct with a crowd of small 
plates each with a miliary. Coronal plates numerous, low, 
broach 

Ambulacra broad, with rows of very small plain, faintly crenulate 
tubercles placed so as to leave a more or less definite median 
space, where there are pedicellarise but no primary tubercles. 
Poriferous zones wide, with or without miliaries and secondaries; 
pores in oblique triple pairs, close vertically, the innermost pair 
is the adoral of a triplet. Plates numerous, compound ; consisting, 
when large, of a large adoral primary plate, a small middle deini- 
plate, and a larger aboral demi-plate, which sometimes, especially 
abactinally in the test, becomes a primary plate. 

Interradia with low broad plates ; tubercles resembling those 
of the ambulacra, varying in vertical number and obliquity; a 
greater or less bare median space. 

Sutures of both areas visible, narrow ; minute shallow pits at 
the median angles, and sometimes along the median sutures; 
ornamentation plain, or of vertical zigzags of broad lines or of 
curved lines crossing the median area. Dowelling abundant. 

Peristome variable in size, usually small; branchial incisions 
small. Perignathic ridges low, processes slender, high ; foramen 
triangular or broad. Spines slender, short, striated, distant. 

Recent . Australian and New Zealand seas, Fiji. (Cape of 
G-ood Hope P) 

AmUypneustes griseus is a very erratic species; and it is evident 
that A. Agassiz is correct in relegating A. pentagonm to a 
separate genus. 

Genus Goxigpneustes, gen. nov. 

Test thin, nearly globular, but pentagonal in circumferential 
outline, the ambulacra projecting beyond the concave interradia. 
Coronal plates high and few. 

Apical system delicate, with the madreporite in a large basal 
plate; other basals pointed, narrow, pentagonal; some radial plates 
enter the ring. 

Ambulacra with two vertical rows of plain primary tubercles, 
with raised serobicules ; median spaces more or less bare; pori¬ 
ferous zones narrow ; pairs of pores in triplets. 

XJ380S. JQTON".—ZOOLOGV, YOL. XXIII. B 
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Interradia with tubercles resembling those of the ambulacra. 
Peristome small. Spines of primary tubercles of great size. 
Me cent. Mauritius. 

The above diagnosis is abstracted from the description of the 
solitary specimen of Amblgpneustes pentagonus, A. Agassiz 
(Revision* p. 482). 


Genus Holopkeitstes, Agassiz, 1841, Ech . viv. etfossValentin , 
Anctt, Gen. EchPreface . p. 0 . A. Agassiz , 1872-74, Revi¬ 
sion, p. 4S8. 2&/Z, ISSOj Prac. Zaoh &><?. p. 439. Duncan , 

18SS, Jbm. ifihy. Ah<f. ser. 6, vol. i. pi. xi. figs. 14-16, 
p. 117. 

Test moderately stout or thin, globular or prolately spheroidal, 
or subconical above the tumid circular ambitus. Interradial 
coronal plates numerous ; ambulacral plates very numerous. 

Apical system projecting, stout; basal plates broad, subcqual; 
radial plates excluded, the pore visible from above. 

Ambulacra broader than the interradia; and the poriferous 
zone usually broader than the interporiferous area, slightly de¬ 
pressed, with secondary tubercles and granules ; pairs of pores 
close vertically, irregularly distant horizontally, triserial or poly- 
serial ; an inner and an outer regular vertical series of pairs, and a 
confused middle series. The middle series of pairs of pores are in 
the aboral components of as many compound plates; the pairs of 
the outer vertical row are those of middle component plates, and 
the inner series of pairs are placed in adoral primary compo¬ 
nents which are often excluded from the ambulacro-interradial 
suture. 

Tubercles of the interporiferous areas small, plain, variable in 
number, more or less median space exposed. Interradia with 
transverse row r s of primaries and secondary plain tubercles; median 
area variable. 

Sutures sunken, linear; pits at the angles small, but distinct, 
shallow; plates dowelled. 

Peristome small, pentagonal, with small but distinct branchial 
incisions. Spines short, striated, may be swollen at the free 
end. 

JRecent. Australian seas. 

The next genus links the Temnopleuridse and the Echinidse, 
but it is placed as incertm sedis . 
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Genus Geaaihechthus, Duncan Sf Bladen , 1885, Pal. Lid. ser. sir,, 
Monogr . Tent. JEchin . Kaclih Sf Kattgivar , p. 82, pi xiii 

' figs. 7, 8. 

Test moderately large, thin, rather depressed, swollen at the 
circular ambitus, conical above, fiat and incurved actinally. 

Apical system ? 

Ambulacra with pairs of pores in triplets, from apex to peri¬ 
stome ; plates low, narrow, composed as in the Eehiniclas; tuber¬ 
cles small, the vertical series nearest the pores the largest, in one 
or three rows, plain. Interradial plates long and low, not twice 
the height of an ambulacra! plate, carrying from one to eight- 
primaries, in vertical rows, the middle row the largest, all slightly 
larger than those of the ambulacra, imperforate and non-crenulate; 
secondary tubercles in lines above and below the primaries and 
close to the horizontal sutures, forming ridges, with the line of 
the suture depressed between those of consecutive plates. Ver¬ 
tical narrow ridges extending dorsally and actinally from each of 
the large middle vertical series of tubercles to the transverse 
edges of their plates. 

Peristome large, rather pentagonal ; ambulacral margins only 
moderately wide and plain; branchial incisions distinct, with a 
raised border. 

Fossil. Miocene: Asia (Kattywar). 


IV. 

The Family Eckmometridie and its Subfamilies and Genera. 

The Family Ecbinidse and its Genera. 

VIII. Family Echinometbidjs, Gray, 1855 , amended by 
A. Agassiz, 1872, Revision, p. 428. 

Eegnlar ectobranckiate gnathostomes, with heteropodous or 
sub-heteropodous tentacles ; test with the long axis not coinciding 
with the antero-posterior, and the compound ambulacral plates 
with three or more pairs of pores; or the test symmetrical and 
polyporous. Pyramids of jaws with epiphyses; teeth keeled. 

Subfamily Bohin ometrinm (p. 116 ) . 

Large tests, the long axis transverse to or forming small angles 
with the antero-posterior. Ambnlacral plates with from three to 
nine components, each with a pair of pores. 


g# 
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Genus Heterocentrotus. 

Colohocentrotus . 

Echinometra. 

Stomopneustes. 

Parasahnia ♦ 

Subfamily Polyp orince (p. 121), 

Eehinonxetridse with symmetrical tests ancl baying numerous 
pairs of pores. 

Genus Strongylocentrotus. 

Spluerechinus. 

EcMnostrephus. 

Pseudoboletia, 

Eiirypneustes. 

JEolopneustes. 

Subfamily Echinometrin ae. 

Genus Hexebocexteotus, Brandt (subgenus), 1884-85, Prodr . 
Besc. Anim , p. 265 ; c?. Acfes VAcad. St. PUersb. 

(Additions), 1884-85. A . Agassiz, 1873, Revision , p. 427. 
loven , 1874, Etudes, p. 26. «7. TteZZ, 1881, Proc. Zool. Soc. 

p. 420. D<s Loriol , 1SS3,& Z’ife Maurice , p. 85. Loven, 
1887, JEWL % Linnaeus , p. 150. 

Syn. Cidaris (pars), Klein; Echinus (pars), Linmeus; 
clarfia, A. Agassiz, 1846. 

Test large, thick, elliptical in marginal outline, subhemisphe- 
rical above, convex actinally, and concave from side to side 
there; elongate transversely, the antero-posterior axis being 
shorter than the transverse, which passes through ambulacra II. 
and IY. 

Apical system raised ; periproet small, slightly elliptical; the 
right anterior basal plate with a large inadreporite; all basals 
tnberculate; radial plates excluded, tumid, perforated near the 
adoral edge; periproetal plates stout, spined; anal plates small 
The genital pores are sometimes in the interradia. 

Ambulacra broad, straight, wide at the peristome; interpori- 
ferous area narrow at the peristome, broad at the ambitus, and 
diminishing greatly in breadth abaetinally; large plain tubercles 
actinally and at the ambitus, replaced abaetinally by irregularly 
placed rows of secondary tubercles. Poriferous zone wide acti- 
, nally, nearly touching at the median line abaetinally, more or less 
broken up by tubercles. Plates compound, high, with as many 
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as nine components each perforated by a pair of pores; the aboral 
plate a small primary, the adoral a large primary, all the others 
demi-plates; pairs of pores poly serial actinally. 

Interradia with few coronal plates, very narrow actinally, each 
plate with a large plain tubercle resembling the ambulacra!, 
diminishing in size from the ambitus; secondary tubercles 
abundant. 

Peristome large ; branchial incisions broad ; perignathic girdle 
well developed. Jaws with a tall narrow foramen ; teeth keeled. 
Buccal plates large, spined, and with pedicellaria?. Spines very 
large, stout, long, flat, oar-shaped, or triangular in transverse 
section; secondary spines short, either forming a pavement around 
the primaries with their inflated ends, or sharp and pointed in 
the same position. 

'Recent. Bed Sea to Sandwich Islands, Fiji, Mauritius, Java, 
New Caledonia, Australia. Of late years one species, JET. mamil - 
lotus, has made its way from the Bed Sea, via the Suez Canal, 
into the Mediterranean. 

Genus Colobocehteotus, Brandt (subgenus), 1884, Pro dr. Besc. 
Anim. p.266; Rec. d. VActes de VAcad * St. Fetersl . (Ad¬ 
ditions), 1884-35. A. Agassiz, 1872-74, Revision , p. 423. 
Lov'en , Etudes , 1874, p. 26; 1887, Eeh. deser. ly Linnceus , 
p. 158. J. Bell, 18S1, Froc. Zool. Soe. p. 421. 

Syn. Echinus (pars), Linnseus; Giclaris (pars), Leske; EcM- 
nometra, Gray, 1825 ; Fodophora, Agass, 

Test thick, moderate in size, elliptical or subcircular in rather 
tumid marginal outline, subcorneal, tumid, or depressed hemi¬ 
spherical abactinally; more or less concave, with a comparatively 
flat surface actinally; elongate transversely ; the antero-posterior 
axis is shorter than the transverse, which passes through amb. II. 
and IV. 

Apical system central; periproct small, with small plates; basal 
plates large, with primary and secondary tubercles upon them ; 
radial plates excluded, small, with a tubercle, and the pore large 
and adoral. 

Ambulacra straight, very broad actinally ; plates high, com¬ 
posed of a small ahoral primary, a large adoral primary, and from 
three to many intermediate small demi-plates ; poriferous zones 
wide, and containing arcs of many pairs of pores separated and 
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confused "by the presence of tubercles ; polyserial at the actinal 
surface, and forming broad areas there. Primary tubercles 
as elsewhere, plain, in vertical rows, smallest in the poriferous 
zone and largest at the margin, becoming minute and close 
actinally. Tentacles heteropodous. 

Interradia broad, but very narrow actinally, with several ver¬ 
tical rows of primary tubercles, largest at the margin, and very 
small and close actinally. 

Peristome polygonal, broad anteriorly, with decided branchial 
incisions. Perignathic girdle well developed; ridges long and 
low; processes tall, slender, with a top piece, foramen large. 
Jaws large, with a very long foramen; teeth keeled. Peristo- 
mial membrane plain, but with ten small, spined buccal plates. 
Spines abactinally forming a pavement-like surface, short, hexa¬ 
gonal or globose at the end, some larger, longer, flat-ended, and 
projecting slightly at the ambitus; actinally short, and either 
stout or slender, cylindrical and pointed. Intermediate cylin¬ 
drical and small spines may or may not exist between the abactinal 
series. 

Recent. Zanzibar, Java, Sandwich Islands. Australia. 

Genus Echihome-tea, Eondelet, 1554, Be Pise. Marin, p. 578. 
LutJeen, 1863, Vidensk . Med. Mat. For. i Kjobenh ., pub. 
1S64, p. 86. A. Agassiz , 1872-74, Revision , pp. 282, 43L 
Loren , 1872, Etudes , p. 26; 1887, Fell, descr . by Linnmns , 

' p. 153. 

Syn. Echinus (pars), Linnaeus, 1758; Cidaris (pars), Leske, 
1778; Helioeidaris (pars), Agass., 1847, 

Test moderate in size, stout, elongate elliptical in marginal out¬ 
line, tumid dorsally; tumid between the margin and the large 
peristome, the whole actinal surface concave; unsymmctrical; the 
longer axis, which passes through ainb. I. and interradium 3, 
does not coincide with the antero-posterior or transverse diameter 
of the test and is oblique. 

Apical system central; basal plates tubereulate, the inadre- 
porite in the right anterior plate; radial plates small; periproct 
elliptical, its plates small, numerous. Coronal plates numerous. 

Ambulacra straight; poriferous zones moderately broad, 
the 5 to 9 pairs of pores being in bold arcs; plates high, and 
composed of a large adoral and small. aboral primary and all 
the others intermediate demi-plates. Tentacles heteropodous. 
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Tubercles plain, and smaller and less numerous than those of 
the interradia. 

Interradia broad at the ambitus, narrow at the peristome, with 
several vertical rows of large plain primary tubercles. 

Peristome large, pentagonal; branchial incisions broach Peri- 
gnathic girdle well developed; processes tall, with a large arch. 
Jaw-pyramids stout, with a large tall foramen and epiphyses; 
teeth keeled. Actinal membrane with spine-bearing buccal 
plates. Spines of primary tubercles moderately long, stout, 
faintly longitudinally striated, semi-solid, becoming suddenly 
slender and sharp, with a milled ring. 

Recent. Pacific coast of Central America north to California 
and south to Peru; Zanzibar, Eed Sea, Mauritius, Seychelles, 
Japan, Philippines, Sandwich Islands, Piji, Senegal coast, Cape 
Yerd, Bermudas, Caribbean Sea, Gulf of Mexico. 


Genus Stoxiophetjstes, Agassiz , 1841, Monogr. Fch • viv. etfoss. 
livr. 1, Pref. p. x. A. Agassiz , 1878, Revision , p. 436. 
Martin, 1880, Rev. Foss. Fell. Java {Notes Leg cl. Mas.). 
Stewart , 18S0, Journ . Rog . J Her, Soc , vol. iii. p. 911. 
J. Pell , 1881, Proc . Zool. Soc. p. 445. Be Loviol , 1888, Fch . 
de Vile Maurice , p. 32. 

Syn. Selioeidaris , Besm. 1846. 

Test moderate in size to very large, stout, circular or elliptical 
in the tumid marginal outline, swollen dorsally, but depressed ; 
actinal surface flat. The antero-posterior axis of the test is 
oblique and forms a greater or less angle with the long diameter. 

Apical system with a large madreporite: basal plates form¬ 
ing a narrow ring, with a secondary tubercle on each plate. 
Periproet large, with numerous plates with small tubercles. 

Ambulacra straight, broad at the ambitus and at the peristome; 
poriferous zones narrow abaetinally and wide actio ally ; the pores 
in arcs of three pairs dorsally, and crowded and triserial below 
the ambitus, and interfered with nearly throughout by small 
secondary tubercles or granules. Interporiferous areas with two 
vertical rows of large, imperforate, plain, primary tubercles, and 
several rows of secondary tubercles and miliaides, some entering 
the poriferous zones, diminishing at the peristome, where the 
areas are narrow. Spicules of the tentacles very large. 
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Interradia with a linear groove in the median line, broad above 
the ambitus, narrow at the peristome, with two principal vertical 
rows of primary tubercles resembling those of the ambulacra in 
structure, but larger, diminishing, however, in size actinally and 
dorsally. There are also two rows of smaller primaries, smallest 
actinally, which reach some distance above the ambitus, with 
small secondary tubercles and granules irregularly distributed. 

Peristome small, pentagonal, with moderately large branchial 
incisions. 

Spines various, but moderate in length, stout, taperiug, sharp, 
solid, finely striated longitudinally; a prominent milled ring. 
Ophiocephalous pedicellarise abundant, large, their jaw-processes 
much dentate ; genius if orm pedicel! arim probably absent ; tridac- 
tyle pedicellariee abundant. 

Fossil . Tertiary: Java? 

Recent. Mauritius, Java, Samoa. 


Genus Paeasalenia, A . Agassiz, 1S68, Bull . Mits. Comp. ZooL 
vol. i. p. 22 ; 1S73, Revision , p. 485. Stewart , 1880, Jour-n. 
Royal Micr. Soc » vol. iii. p. 910. 

Test moderate in size, stout, elliptical, tumid, unsymmetrical, 
the long axis passes through ambulacrum I. and interradium 8, 
and is oblique to tbe antero-posterior axis. 

Apical system large, prominent. Basal plates large. Periproct 
small, with four triangular plates; anus at their inner points. 

Ambulacra with two vertical rows of plain primary tubercles, 
not reaching the apical system ; pairs of pores in arcs of three 
pairs. 

Interradia with a small number of coronal plates, carrying two 
vertical rows of plain primary tubercles resembling those of the 
ambulacra. 

Peristome large ; branchial incisions slightly raised; buccal 
plates with spinules. Jaws with a high foramen; teeth keeled. 
Spines stout, cylindrical, pointed, moderately long. 

Pedicellarim £ew r , the gemniiform without a secondary solid 
fang. Trldactyle pedicellarite delicate. 

Recent. Zanzibar, Eingsmill Islands, Bonin Islands. 
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Subfamily Polyp or in ce (p. 116). 

Grenus Stbongylocinteottts, Brandt , 1884, Prodr . Descr. Anion.? 

Bee . des Actes de V Acad. St. Peter A). (Additions)? p. 265. 

Loven? Etudes , 1874, p. 21 ( 0 $ Tosopneustes). A. Agassis? 

1872-78, Revision? pp. 276 & 488. 

Syn. Loeceehioiits , Desor, 1858; Toxopoieustes , Agass., 1841 
(pars); Seterocidai'is , Desm., 1846 (pars); Toxocidaris , A. Agass., 
1868 ; Anthocidaris , Liitk., 1864; Eurechinus? Verr., 1866. 

Test moderate and large in size, broader than high, circular or 
subpentagonal in tumid ambital outline, swollen, subconical, 
depressed dorsally, slightly tumid around the actinostome. Co¬ 
ronal plates numerous. 

Apical system large; madreporite large, in the usual basal plate, 
which is the largest; other basal plates unequal in size, all with 
some small secondary tubercles; radial plates broad adorally, 
some entering the periproctal ring. Periproet subcircular, with 
numerous crowded, minutely tuberculate plates. 

Ambulacra straight, broad at the ambitus and peristome; 
poriferous zones broad ; pairs of pores in oblique arcs, or almost 
in transverse, slightly bent series of from four to eight or ten 
pairs, polyserial and crowded actinally. Plates high, compound; 
the adoral component a large primary plate with its pair of pores 
the remotest from the interradium; the aboral plate a small 
primary with an oblique adoral suture, its pair of pores not 
quite so remote from the interradium as the adoral pair; other 
plates demi-plates, with their pairs of pores gradually dimi¬ 
nishing in distance from the interradium, from aboye actinally. 
Interporiferous area with two vertical rows of imperforate plain 
non-scrobiculate primary tubercles, wide apart at the ambitus, 
narrowed and close and small actinally; vertical rows of secon¬ 
daries and miliari.es between and at the sides, some intruding; 
upon the poriferous zones arid separating the arcs more or 
less. 

Xnterradia with high ambital and low actinal plates; two 
vertical rows of primary tubercles similar in structure to, but 
larger than, those of the ambulacra, and four or more vertical 
rows of secondary tubercles; granules somewhat regularly placed; 
areas much narrower actinally than those of the ambulacra. 
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Peristome small, sunken, polygonal; branchial incisions well 
developed, with everted edges. 

Perignathie girdle with high ridges and high oblique pro¬ 
cesses forming a tall arch. Jaws tall; foramen large, tall, closed 
above; teeth keeled. Buccal membrane with ten plates with 
tentacles and pedicellariae. Spines short, sharp, cylindrical, taper¬ 
ing, longitudinally striated. 

Fossil* Late Tertiary and (?) Miocene: Europe and America, 
J ava. 

Becent. European seas, world-wide; shallow, to 45 fathoms 
or more, 

Genus Sphcebechistts, JDesor, 1858, Synopsis, p. 184. A. Agassiz, 
1878, Revision , p. 451. Hamann , 1886, Sonder-Abdr, aits d. 
Sitzimgsb. d. Jen a isch Ges. fur Med . und JSfaturw. 

Test moderate or large, globular, spheroidal, or depressed, 
flat actinally. Coronal plates numerous, low and broad. 

Apical system prominent; periproct large, plated; basal plates 
forming with all or some of the radial plates a rather narrow 
ring, carrying secondary tubercles and miliaries, those on the 
plate with the madreporite most numerous. 

Ambulacra straight, wide; pairs of pores in arcs or oblique 
lines of from four to eight pairs, with small tubercles or gra¬ 
nules interposing or separating the series ; pairs polyserial acti¬ 
nally ; ititerporifiTous areas with two to six vertical rows of plain 
imperforate primary tubercles, slightly smaller than or equal to 
those of the interradia. 

Interradia broad, with from two to twelve vertical rows of 
primaries plain and imperforate, large, with horizontal rows of 
secondary tubercles and miliaries. 

Peristome small, decagonal, with deep, long branchial incisions ; 
buccal membrane with plates, in relation with the ambulacra, and 
carrying pedicellariae and large tentacles. Perignathie girdle 
slender, with low stout ridges and slender processes and a large 
arch. Spines stout, short, crowded. “ Globifera 55 pedicellarhe 
present and large. 

Fossil. Pliocene : Europe. 

Becent. Mediterranean, Canaries, Australia, Mauritius, New 
Zealand, Japan, and the China seas. 
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Genus Echiixostrephtis, A . Agassiz, 1863, Bull . Jfws. Comp. 
Zool, vol. i. p. 20 ; 1873, Bevision , p. 457. Stewart, 1880, 
Journ. Bog. Micr . vol. iii. p. 909. De Loriol , 1883, 

cle Vile Maurice, p. 31. 

Test moderate in size, circular or pentagonal in tumid ambital 
outline, turban-shaped, but depressed above and widest there, 
flat below. Plates rather numerous, high actinallj, low and 
broad dorsally. 

Apical system circular, large; the ring narrow"; basal plates 
equal and large ; the radial plates small and wedged in between 
the basals, but excluded; periproct polygonal, and with large 
and small plates. 

Ambulacra with rather broad poriferous zones; pores in arcs 
of three or four pairs; interporiferous area with two rows of 
vertically placed, imperforate and plain, primary tubercles flanked 
by a vertical row of smaller tubercles placed near the pori¬ 
ferous zone ; median area with secondary tubercles and miliaries, 
arranged more or less around the primary tubercles. 

Xnterradia broad, with six to ten vertical rows of uniform, 
imperforate, plain primary tubercles resembling those of the am¬ 
bulacra, diminishing in size and number away from the ambitus ; 
miliaries and secondary tubercles scattered actinally, arranged 
around the primaries dorsally. 

Peristome circular, with small branchial incisions ; buccal mem¬ 
brane with plates in continuation with the ambulacra, carrying 
pedicellarise and tentacles; the rest bare. 

Perignathie girdle with low ridges and well-developed pro¬ 
cesses. 

Spines moderate, tapering, cylindrical, stout, sharp, longest 
dorsally. 

Becent. Pacific Ocean, Society Islands, Zanzibar, hiatal. 

Genus Pseujdoboletia, Trosckel, 1869, Yerhandl. d. XaturJikt. 
Yer . preuss. Bheinl. u. Westfulens, ser 3, vol. vi. p. 96, pi. 26. 
A. Agassiz , 1873, Bevision, p. 454. J. Bell, 1881, Broc. ZooL 
Soc . p. 433. Be loriol, 1883, Bek. de Vile Maurice , p. 28. 

Test moderate and large, circular in tumid ambital outline, 
much broader than high, subconieal, depressed dorsally, and flat 
actinally. Coronal plates numerous, low and broad. 

Apical system small, witli the basal plates unequal in size, 
madreporite in the largest; two postero-lateral radial plates 
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separate basals and enter the ring, Periproet small; plates 
uniform in size except close to the anus, where they are small, 
tnbercxilated. 

Ambulacra straight, broad, with four to six rows of primary 
tubercles, plain and imperforate, with circles of granules around 
them, scarcely smaller than those of the interradia, all but the 
external series disappearing towards the apex; poriferous zones 
broad, with small tubercles between the pairs. Pairs of pores in 
arcs of four pairs or triserial; the inner row consists of adoral 
pairs in the adoral primary plates of the compound plates ; 
the outer vertical row consists of series of two pairs closely 
superimposed, and separated by a tubercle, they are in middle 
demi-plates; the middle vertical row has its pairs separated by 
a tubercle, and they are in the aboral demi-plates. 

Interradia with many, from 9-14, vertical rows of primary 
tubercles, similar in structure to those of the ambulacra, dimi¬ 
nishing to two vertical rows abactinally; an irregular median 
area without tubercles; scrobicular circles large; miliaries 
parallel to the horizontal sutures, and vertically between the 
tubercles; secondary tubercles scattered irregularly. 

Peristome large, flush, decagonal, with broad and deep bran¬ 
chial incisions. The buccal membrane with ten large plates with 
spines, pedicellarise, and tentacles, also other spiniferous small 
plates. Spines short, sharp, finely striated. 

Recent Sandwich Islands, Philippines, Mauritius; shallow 
water. 

Genus Eueypnehsies, Duncan § Sladen , 1882, Red. Ind. ser. xiv., 
Ross. Rclt. W. Sind, pt. ii. p. 45. 

Test large, subcorneal, depressed, 

Ambulacra! areas very broad, only rather narrower than the 
interradia. Poriferous zones broad, and the pairs of pores tri- 
serial. Plates very low and numerous, composed of five or six 
component plates, very close vertically, the adoral plate a very 
low primary, its pair of pores being near the interporiferous 
area; the other plates demi-plates, or sometimes the aboral 
component is a primary; the successive pairs have a tendency to 
be close to the one immediately above, and then to be distant, 
but the inner and outer rows are fairly persistent, and the 
middle variable in position. Two vertical rows of small crenu- 
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late, imperforate tubercles in eacli interporiferous area near tlie 
poriferous zones; small tubercles or granules near tbern amongst 
the pairs of pores. 

Interradia with two or more vertical rows of small crenulate 
tubercles diminishing in number actinally. Miliaries numerous. 
Fossil. Eocene: W. Sind, Asia. 

G-enus IEolopneustes, Duncan and Bladen, 1882 , Fal. Ini . 
ser. xiv., Foss. Fch. W. Bind, pt. ii, p. 47. 

Test large, tumid, subcircular or subpentagonal in outline, 
subconical depressed abactinally, flat actinally, with a slightly 
depressed peristome. Twice as broad as high. 

Apical system wanting. 

Ambulacra broad, more than half of the breadth of the inter¬ 
radia at the ambitus, slightly prominent in contradistinction to the 
interradia, which are sunken along their median lines. Poriferous 
zone broad dorsally, narrow at the peristome; abactinally the 
pores are in almost horizontal arcs of five or six pairs, and are 
very regularly and closely placed ; below the ambitus the number 
of pairs in each arc diminishes, the arcs straighten vertically, 
and the series of pairs become less oblique and almost uni- 
serial, and are quite close to the peristome. ' The ambulaeral 
plates are nearly as high as the corresponding interradia! 
plates and are compound; the composition of a plate halfway 
between the peristome and the ambitus is a low broad adoral 
primary plate, followed aborally by a large primary which 
is low near the ambulaero-interradial suture and expanded 
elsewhere, and comprises all the median sutural edge of the 
compound plate except that adoral portion which belongs to 
the small adoral primary component; above the large primary 
is a small demi-plate, and the aboral plate of the combina¬ 
tion is also a demi-plate, but is larger than the other, and has its 
adoral suture convex towards the primary tubercle of the com¬ 
pound plate. In some compound plates the low adoral primary 
is replaced by a small low demi-plate, with its aboral suture convex 
towards the primary tubercle; and in these instances the compo¬ 
sition of the plate is mainly that of Diadema. Close to the 
peristome the adoral and aboral plates are low primaries. The 
pairs of pores are close and round. Interporiferous areas with a 
vertical row of small crenulate primary tubercles raised above the 
test and large and small granules. 
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The interradia have numerous low broad plates, somewhat wavy 
in sutural outline, depressed near the median line; two vertical 
rows of primary tubercles resembling those of the ambulacra, 
but slightly larger, and two other rows of smaller tubercles which 
diminish in number remote from the ambitus; numerous distant 
large granules. 

Peristome small, sunken; branchial incisions with rounded edges 
and rather large. 

Fossil. Eocene: W. Sind, Asia. 

IX. Family Echihidjb. 

Regular ectobranchiate gnathostomes, having tests with equal 
diameters, and with homoiopodous tentacles. Ambulacral plates 
compound, with three pairs of pores, which are arranged in high 
or low ares of triplets. Coronal plates without pits and grooves, 
and their opposed surfaces plain. Jaws with epiphyses teeth 
keeled. 

Genus Echinus . 

Subgenus Psammechinus. 

Genus Stireckinus. 

Glypit echinus. 

Leiopedzna. 

UypecJiinus . 

Toxopneustes. 

Boletia. 

Genus Tripneustes. 

Subgenus Evechinus . 

Ineerfcse sedis: Prioneckims. 


Genus Schists, Rondelet, Be Fisc . Marin . 1554 Lister, 1678, 
Am7ii. Ang. p. 169, pi. 3. fig. 18. Linnms, 1752-61, Mas. 
Lud.-TTlr. (pars). Agassiz, 1811, Monogr. cVEch. viv. etfoss 
Fref. to Valentin , A/iat. Gen . Elchin, p. 2. Besor , 1858, 
Synopsis, p. 123. A. Agassiz, 1S72-4, Revision, pp. 293 & 489. 
loom, 1887, Bch. descr. by Linn. pp. 19 & 61. 

Test varying in size, small, moderate, to very large, tumid at 
the circular or subpentagonal ambitus, subhemispherical, sub- 
conical, or tumid dorsally, fiat or slightly tumid actinally, tall and 
short. 



GENERA AWD GROUPS OF THE ECHISTOXDEA. 12/ 

Apical system either compact, or some radial plates separating 
some basal plates ; madreporite in the largest basal. The oval 
or circular periproct with numerous plates, smallest near the 
anus. 

Ambulacra narrow to moderately wide, straight; poriferous 
zones narrow, pairs in more or less vertical arcs of triplets, the 
innermost pair the adoral of the three, and in a primary consti¬ 
tuent ; the other pairs in demi-plates, or the upper member may 
be a low 7 primary. Interporiferous areas with two rows of small, 
plain, primary tubercles, placed vertically, with or without irre¬ 
gularly placed secondary tubercles aud primaries. 

Interradia with two vertical rows of tubercles resembling 
those of the ambulacra, or slightly larger, with few' or numerous 
rows of secondary tubercles and miliaries, or a considerable 
number of small tubercles diminishing in number abactinally; 
tubercles most numerous below the ambitus. 

Peristome rather small, nearly circular ; branchial incisions 
not largo ; peri gnathic girdle well developed, processes tall and 
arched. Jaw T s high ; foramen of the pyramid high and arched 
by epiphyses; teeth keeled. Buccal membrane with ten buccal 
plates with tentacles and small spines ; some may have numerous 
buccal plates with a corrugated aspect. Tentacles liomoiopodous, 
disciferous. Spines either very short relatively or moderately 
long, striated, sharp, more or less swollen at the base. 

Fossil. Cretaceous to Pliocene and Post-Pliocene: Europe. 
Pliocene: England. Tertiary: Asia. 

Recent . "World-wide, littoral to 2435 fathoms. 

The genus Fsammeclrinm , Agass., 1846, Catal. Eais., Ann. d. 
Sci. Nat. vol. vi, and Desor, 1858, Synopsis, p. 118, really differs 
from the typical Echini in having the buccal membrane with 
concentric plates besides the ten buccal plates; but palaeonto¬ 
logists have usually termed those species of Echinus which have 
numerous subequal tubercles Fsammeclrinm. The size of the 
branchial incisions does not afford a generic distinction. JDesor 
w T as not warranted in comparing the buccal and other plates 
with those of Gidaris . It is certain that some Echini with few 
tubercles, as well as others with many, have the peristomial 
membrane with numerous plates; and thus the distinction 
relied upon fails. At the most Fsammechinus is a subgenus of 
Echinus ; and the sole structural character refers to the peri- 
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stomial membrane with its numerous plates. Practically the sub- 
genus is of no great value iX \ 

G-enus Stirechinus, Desor, 1858, Synopsis, p. 181. 

Test tall, circular at the tumid ambitus, subcorneal dorsally, flat 
actinally. 

Apical system ? 

Ambulacra moderately broad, with high compound plates ; the 
pairs of pores in arcs of triplets, the adoral plate o£ the com¬ 
pound a large primary, the median plate a demi-plate, and the 
aboral a low oblique primary plate. Two vertical rows of imper¬ 
forate, plain, primary tubercles, large, and each situated upon a 
rising of the plate, so as to give a heeled appearance to the ambu¬ 
lacrum beneath the bases of the tubercles. 

Interradia with two vertical rows of tubercles resembling those 
of the ambulacra, and situated on raised keel-like projections. 
Sutures distinct. Variable rows of secondary tubercles and 
miliaries. 

Fossil . Pliocene : Europe. 

Genus Gltptechintjs, Be Loriol , 1S73, Fck* Cret . de la Suisse , 
Pah Suisse , les Our sins, pt. ii. p. 169, pi. si. 

Test small, circular in outline, tall, subcorneal or subhemisphe- 
rical dor sally, flat actinally. 

Apical system wanting. 

Ambulacra straight, moderately broad ; the poriferous zones 
with the pairs of pores in arcs or triple oblique series ; the plates 
compound, as in Fehimis ; the interporiferous areas with two 
vertical rows of plain tubercles, placed near the poriferous zones; 
some secondaries at the ambitus, and granular throughout. 

Interradia depressed along the median sutures, with two ver¬ 
tical row's of plain tubercles resembling those of the ambulacra; 
each row is on a raised vertical keel, situated in the middle of the 
plates; several rows of secondary tubercles. The transverse 
sutures of the interradial coronal plates, which are moderately 
numerous, grooved decidedly. 

Fossil. Cretaceous: Europe. 

The alliance of this genus is with the Tertiary Stir echinus* 

* On p. 91 It was noticed that 3ficropsis Vitlali, Cott., was a Psammechimis 
with crenulate and perforate primary tubercles. This carries the subgenus back 
in time considerably. 
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Genus Leiopedixa, Cotteau. 1866, Rev. et Mag. cle Zool. ser. 2, 
vol. win. p. 206. (Amended) 

Sjn. Ghrysomelon , Lanbe, 1869, Eeii. Vincent. Xert., Benks. d. 
k. Akad. Wiss. Wien, 2 Abtk. p. 18. 

Test large, swollen, prolate spheroidal or globular, subcorneal 
dor sally, broadest beneath the equator, and sub pentagonal or 
circular in marginal outline. 

Apical system central, small, hush. 

Ambulacra long, straight, very broad ; poriferous zones broad, 
with vertically close, triserial pairs of pores almost horizontal; 
usually the pair nearest the interporiferous area the largest, the 
pores-of it being elongate, those of the other pairs circular. 
Plates very numerous, low 7 , broad, compound, composed of a large 
adoral primary plate, a median demi-plate, and a very low aboral 
primary plate. The adoral and aboral pairs of pores of a triplet 
remote from the interradium; the median pair in the demi-plate, 
close to it. Tubercles of the interporiferous areas small, distant, 
finely perforate, plain, subscrobiculate, in two, distant, vertical 
rows. Granules between the tubercles homogeneous. 

Intermedia, broad, with two vertical rows of tubercles similar to 
those of the ambulacra, with intermediate granules, some of which 
may have mamelons near the apical system* 

Peristome small, subcircular, flush; amount of branchial incision 
variable. 

Fossil. Eocene: Europe. 

Genus IItpechixus, Desor , 1858, Synopsis, p. 180, pi. xviii. 

Test moderate in size, tumid at the circular ambitus, nearly 
hemispherical clorsally, but slightly depressed. 

Ambulacra with wide poriferous zones; pairs of pores in oblique 
triple series; plates low 7 , compound; the median pair of pores 
being in a demi-plate, and placed nearer the interradial suture 
than the other pairs; the adoral pair very remote from the 
interradial suture and in a primary plate, Interporiferous 
areas with two vertical rows of small, numerous, plain primary 
tubercles, which are much larger aetinally than above the 
ambitus. 

Interradia with numerous coronal plates; the primary tubercles 
imperforate and plain, in two distant vertical rows; the tubercles 
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are larger than tho.se of the ambulacra, and all are largest 
actinally. 

Fossil. Middle or Upper Tertiary *. ’Patagonia, S. America. 

The genus Toxopneustes , Agassiz, 1841, is unsatisfactory; and 
in order to clear array some differences of opinion regarding 
its value, it is necessary to revert to the diagnosis given in 
the Preface to livr. 4 of 'Monogr. d’fich. viv. et foss/ p. ix:— 

Le genre Toxopneustes a des ambulacres formes de series 
arquees de doubles pores, eonvergeaat vers le milieu des aires et 
separees par des rangees parallMes de petites fores. Chaque 
eerie arquee se compose de six a ncuf paires de pores. Vers la 
bouehe il y on a irioins: mats elles sont plus rapprocliees. Les 
tuborcules des series principales sont assez grands. L’ouverture 
inferieure du test offre clix eelmnerures peu profondes. Je prends 
pour type de ce genre VEchinus tuberculaius ; j’en connai quelqnes 
especes inedifes. 55 

The genus had been simply named in livr. 2, p. 7, of the 
same work during the same year; and Echinus pileoUs, Link,, 
was then decided to be the type. 

It is evident that Agassiz meant that the genus should in¬ 
clude poly pores: and the word u pores,'* at the close of the 
first sentence of the definition given above, should be 1,4 tuber- 
enlesV The genus thus covered the same ground as Strongylo- 
cent rot us. Brandt. 1885. 

The reason why Echinuspileolus was not made the type, when 
the genus was finally diagnosed by Agassiz is tolerably evident; 
for it is not a polypore, and is more closely allied to a Tripneustes 
than to Echinus tuherculatus. 

On reference to A. Agassiz's w Bevision,' p, 167, the synonymy 
of the genus can be seen ; and. it will be noticed that no less than 
six genera have been founded which cover the same ground. 
Toxopneustes did not reappear until the date of the 4 Bevision/ 
and four species of it are admitted by the distinguished author— 
T. maeuhtus, T. pileolus, T. semituberculcdns , T. variegatus , But 
it is a matter of fact that not one of these species has the generic 
characters defined by the elder Agassiz in the 4 Monographic. 5 

There is therefore no such genus as Toxopneustes, Agassiz; he 
merely gave a name, and his diagnosis did not distinguish his 
two types. In the 4 Bevision 5 of A. Agassiz, p. 297, there is a 
generic definition of Tompnemtcs which differs very materially 
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from that of bis father, and which may stand for the generic 
attribute of three out of the four species admitted and just 
noticed. T\ pileolus cannot well enter, as Be Loriol has shown, 
(Ech. de Tile Maurice,’ p. 27). 

Genus Ioxopneustes, A. Agassiz , 1872-4, Revision, p. 297. 
(Limited.) 

Non Agassiz, 1841, Bref. Mo nog r. d? Ech. viv. eifoss. livr. 4, 
p. ix, = Strongylocentrotus, Brandt, 1835. 

Test moderate in size, circular or subpentagonal in tumid mar¬ 
ginal outline, subcorneal, broader than high. 

Apical system well developed, some radial plates entering the 
periproctal ring or not. 

Ambulacra moderately broad; the pairs of pores forming broad 
arcs of three pairs, rather close vertically, and the pairs of the arc 
not far apart; the inner pairs of pores are adoral in the triple 
compound plates, which arc like those of Echinus, Xnterpori- 
ferous areas with two principal vertical rows of plain imperforate 
primary tubercles moderate in size, with rows of secondaries with 
or without granules ; most tubercles at and below the ambitus. 

Interradia with several vertical rows of primary tubercles 
resembling those of the ambulacra, diminishing to two near the 
apex, granular or not. Bare median spaces variable or none. 

Peristome large, usually but not invariably with deep incisions 
for the branchiae. Jaws and teeth as in Echinus. Buccal plates 
and also concentric, wide, low plates in the membrane. Spines 
short, moderately stout. 

Recent. Prom the coast of Brazil to Carolina inclusive, and 
the Caribbean Islands ; Bermuda; Christmas Island ; Bourbon j 
Galapagos; Central (Pacific) America. 

Toxopneustes pileolus , A. Kg.,—Echinus pileolus Link., is a 
Boletia. 

Genus Boletia, JDesor , 1858, Synopsis, p. 133; 1847, Catah 
Rais., Ann. d. Sci. Eat. vol. vi. p. 58. Terrill , 1871, Motes 
on Radiata, p. 581. Be Loriol , 1882, Ech. de Vile Maurice 9 
p. 27. 

Syn. Toxopneustes (pars). 

Test moderate and large, thick, subpentagonal at the tumid 
ambitus, subcorneal dorsally, concave aetinally, broader than high; 
the ambulacra projecting somewhat. 


9^ 
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Apical system large, madreporite large, and in the largest 
basal plate (No. 2); some radial plates enter the periproct. 

Ambulacra broad, with numerous, low, compound plates; 
poriferous zones broad, the pairs numerous, close vertically, but 
moderately far apart in the slightly inclined arcs or straight and 
horizontal series of three pairs. The plates as in Tripneusies , but 
slightly higher and narrower. Small tubercles in the poriferous 
zones; interporiferous areas with several vertical rows of mo¬ 
derately large primary tubercles, diminishing in number above 
the ambitus. 

Interradia with numerous rows of plain, primary tubercles 
resembling those of the ambulacra, diminishing in number 
apically. A more or less bare space on either side of the 
median ambulacra! and interradial lines near the apical system. 

Peristome large, with deep and long incisions for the branchise, 
the edges turned up. Pedicellarhe very large. Spines small, 
striated. 

Recent. Mauritius* East Indian Islands, Pacific Islands, 
Panama. 

The alliance to Tripneusies is close, the main distinctions 
being the shape and the concave aetinal surface with its large 
well-cut peristome; the poriferous zones are also narrower in 
Boleiia and a more arched arrangement of pairs occurs, remote 
from the ambitus, where the structure of the ambiikeral plates is 
as in Tripneustes ; there are no double plates, however, as in the 
fossil Tripneustes. 

Genus Tripneustes, Agassiz, 1611, Lit rod. to livr. 2, Monogr. 
d'Ech. viv. et foss. p. 7; also 1811, Monogr. d'Ech. viv. 
ef foss. livr, 4 , Preface to Yah Amt. d'Ech. p. viii. Desor , 
1858, Synopsis, p. 132. Lnthen, 1S63 (pub. 1804), Vid. Medd. 
f Nat For. i. lijoh p. 95. A. Agassiz , 1872-4, Revision, 
p. 301.^ E Pell , 1879, Proc. Zool. Soc. p. 655. Be Loriol , 
1883, Ech. de File Maurice, p. 25. Duncan O' Bladen, Pal 
Ind . ser. xiv., Foss. Ech. W. Bind , pt. v. p. 310, pis. 48, 49, 

Sttl, Mpponoe , Gray, MSS. name, IS 10; HeUechimis, Girard. 

Test moderate to very large, thin, tumid, circular or sub- 
pentagonal in outline, broader than high, often subcorneal, 
tumid around the peristome; may be depressed and concave, 
around a sunken apical system, with or without depressed inter- 
radial median areas abaetinally. 
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Apical system large, madreporite large and in the usual basal 
plate ; some radial plates entering and separating basals; peri- 
proct large, its plates numerous, small, tubereulate, and spine- 
bearing. 

Ambulacra very wide, nearly equalling the interradia in breadth, 
and the widest at the peristome; poriferous zones very broad; 
the pairs of pores large, triserial, very close vertically and dis¬ 
tant horizontally, the inner and the outer rows very persistent 
and vertical the middle row somewhat variable in the direction 
of the pairs of pores ; small primary tubercles amongst the series 
of pairs; the plates very low and numerous, broad, compound; 
the adoral constituent with the inner pair of pores is a primary 
plate which is low in the poriferous zone, and occupies all the 
interporiferous part of the compound plate; the next plate above 
is a demi-plate with the outer pair of pores, and the upper com¬ 
ponent is a broad demi-plate with the middle pair of pores. The 
compound plates may join and two produce a large one, and the 
primary plate of the upper component may be formed into a 
demi-plate. Interporiferous areas with several vertical rows of 
small primary tubercles plain and imperforate. 

Interradia with very numerous coronal plates and many, some¬ 
what distant, vertical rows of primary and secondary tubercles 
resembling those of the ambulacra. More or less bare median 
areas in the ambulacra, and especially in the interradia abactinally; 
the angles of the sutures slightly pitted. 

Peristome comparatively small, with a tumid surface beyond, 
the branchial incisions large and long; perignathie girdle with 
low ridges, and very tall slender oblique processes, uniting largely 
above; arch large. Jaws high, with a large foramen, teeth keeled. 
Spines short, sharp, striated. Perisfcomial membrane with ten 
large plates and other small ones. 

Fossil. Miocene: Europe ?, W. Sind, Asia. 

Recent. G-ulf of Suez, Eed Sea, E. coast of Africa, Mauritius, 
Bodriguez, Masbate, Philippines, Japan, East Indian Islands, 
Gulf of California, Caribbean Sea to Bermuda. 


Subgenus Eyechxftts, Terrill (genus), 1871, Rotes on Badiata, 
p. 588 ; 1871, Trans. Connect. Acad. vol. i. no. 8. A. Agassiz, 
1872-74, Revision, p. 502. 

Coronal plates moderate in number, the branchial incisions 
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slight. Bew buccal plates. Tubercles rather large, with secon¬ 
daries ; bare median areas slight. 

Recent. New Zealand. 

Genus incertm seclis. 

The following diagnosis is taken from the description of the 
solitary species so well described by Agassiz in the Beport on 
the 4 Challenger 5 Echini:— 

Genus Pbioxechixtjs, A. Agassiz, 1S79, JProc. Amer. Acad. vol. 
xh\ p. 202; 1881, Report on 6 Challenger 5 Echini , p. 109, 
pis. vi. A. & si. 

Test thin, small, circular in the tumid marginal outline, 
depressed. 

Apical system large and compact; basal plates broad, angular, 
and with secondary tubercles on their periproctal edge; radial 
plates large, projecting much beyond the basal plates, pore 
adorah 

Ambulacra narrow; the poriferous zones rather broad, with 
two pairs of pores to a plate, in simple vertical series. 

Interradia with two vertical rows of large plain tubercles 
placed near the median suture and sparely distributed granules 
and small tubercles. Interradia with the coronal plates only 
slightly higher than those of the ambulacra, a primary tubercle 
on each about the dimensions of an ambulacra! primary, sur¬ 
rounded bv some secondary tubercles. Pedieellarise large-headed. 
Spines prominently serrated and rather flat. 

Peristome with slight branchial incisions; five pairs of large 
buccal plates, and only one large tentacle to a pair of plates. 
Recent . Philippines and Australia, 700 to 1070 fathoms. 

It is impossible to place this genus satisfactorily, so it must 
remain as incertm sedis. 
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Order III. The Holectypoida, its Sections and Genera. Order IY, The 
Clypeastroida, remarks. Family Fibulariidse and Genera. Family Clypeas- 
tridce and Genera. Family Laganidm and Genera. Family Scutellidse, Genera 
and Subgenera. Subfamily Arachninoe, and Genus. 

Order III. HOLECTYPOIDA (p. 25). 

Syn. Galeritidce and JEchinoconidw, auct. (pars). 

Tins is tlie first Order of the Exocyeliea, and it is a difficult 
one to classify, for there is much diversity of opinion regarding 
the nature of the perignathic girdles and jaws of some genera (see 
p. 22). Some genera have all the other characters of the Order, 
but research has not decided finally upon the presence or absence of 
jaws and teeth. In other genera the perignathic girdle is weak, 
and there are teeth ; and in two genera the perignathic girdle 
forms a strong collar and the interradial portions or “ridges” 
are wide and bent upwards and outwards from the peristome 
internally. 

The Order may he divided into two sections, and in both the 
apical system is compact, hut the number of the perforate basal 
plates differs; the madreporite is in the right anterior basal 
plate, but it may extend back and separate the postero-lateral 
basal plates. The ambulacra are straight, flush, and apetaloid. 
The peristome is decagonal or circular, and has branchial incisions 
often well developed, or the reverse; the peristomial margin is 
composed of two plates in each ambulacrum, and double plates 
in each interradium, but the odd area may have a single plate. 
The periproct is variable iu its position in the posterior inter- 
radium. Tentacles are restricted to ambulacra! plates. 

Section I.—-The perignathic processes of the ambulacra present. 

Genus Holectypus, 

Pileus, 

Pyg aster. 

Pygustrides . 

Section II.—Perignathic girdle with well-developed interradial 
ridges; ambulacra !" processes ” rudimentary or absent. 

Genus Discoidea , 

Subgenus Eehinites. 

G enus Con o clyp ms* 


Genera incertse sedis : Galeropygus , Pachyclypens. 
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Section I. 

Genus Holectyptts, Desor, 1842, in Agassiz, Monogr . cVEch. viv. 
ei foss., Des Galerit. livr. 3, pp. 52 & 63 (a group of Bis- 
coidea)» Desor, 1858, Synopsis, p. 108. Loren, 1874, Etudes, 
pi. xiv. fig. 124. Coiteau, Feron et Gauthier, 1880, Ech. 
foss. de VAlger. 6 fasc. pi. vi. fig. 7. DeLoriol, 1888, Faune 
Grit. du Fortug., Ech . vol. ii. fasc. 2, p. 69 et seq. 

Moderate-sized Urchins with a circular, or slightly pentagonal, 
tumid ambitus ; subconical or depressed dorsally, tumid and 
more or less hollowed for the central peristome. 

Apical system small, central, with five basal plates, the fifth 
being sometimes small and without a duct-pore; madreporite in 
basal No. 2, extending centrally and separating the postero¬ 
lateral basals. 

Ambulacra narrow, straight, widest at the ambitus; pairs of 
pores in simple series ; plates numerous, usually simple, small, 
low primaries, some plates compound, and a demi-plate often 
occurs aborally in some compound plates, which carry numerous 
small primary tubercles. Tubercles, small primaries in many 
vertical rows. 

Interradia with rather large plates, many vertical rows of 
primaries, larger than those of the ambulacra. 

Peristome central, large, decagonal, with well-marked branchial 
incisions. Pyramids of jaws slender, with a large foramen; 
teeth slender, grooved (?). Perignathic girdle feeble and not 
continuous. Periproct- large, pyriform, in the posterior inter- 
radium between the peristome and the posterior edge of the 
test; its plates largest posteriorly, smallest near the minute 
anus anteriorly. 

Fossil Oolites: England, Europe, N. Africa; Cretaceous: 
Europe, N. Africa, Asia, N. America. 

The increase of dimension of the madreporite and the presence 
of the perforation in the fifth basal are characteristic of the Cre¬ 
taceous species. 

Genus Pxletjs, Desor, 1858, Synopsis, p. 167. - 

Large Urchins, pentagonal in marginal ontiine, tumid and sub- 
hemispherical abaetinally, more or less flat aetinaUy. 

Apical system central, very small, with five basal plates, the fifth 
imperforate, the madreporite in basal No. 2, and also separating 
the postero-lateral basals* 
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Ambulacra long, narrow, straight; primary tubercles very 
small, without definite order; pairs of pores in simple series 
abactinally, diplopodous towards the ambitus; plates low pri¬ 
maries, but possibly compound near the ambitus. 

Peristome central, decagonal, deeply incised for the branchiae. 
Perignathic girdle present (ambulacral processes). 

Infcerradial ornamentation of many scattered rows of small 
tubercles. Periproct supra-marginal, small, broadly ovoid, opening 
flush. 

Fossil. Oolite: Europe. 

It is not a satisfactory genus. 

Genus Pxgaster, Agassiz , 1839, Ech. Foss, de la Suisse , p. 79. 
Fesor , 1842, in Agass. Monogr. cVEch. civ. et foss . livr. 3, 
p. 75. Desor, 1858, Sgnojpsis , p. 164. Wright , 1856, Pal, 
Soc. Monogr ., Fch. Ool. Form. p. 273. Etallon , Ech. Maut- 
Jura , Sujpjil p. 4, and Letkcea Bruntrutana^l. xlv. Cotteau 
Sf Triger , 1859, Ech . de la Sarthe , p. 175, pi. xxx. fig. 16. 
Loven , 1887 (pub. 1888), Bih. till Kongl. Svenska Vet.-Ahad . 
Handl. Bd. 13, Afd. iv. no. 10, p. 8 et seq. pi. ii. 

Test large, with a circular or pentagonal, rather sharp ambital 
outline; subconieal and depressed dorsally, more or less truncate 
behind and concave actinally. 

Apical system central or slightly excentric in front, small, with 
four perforated basal plates; the madreporite large, in basal No. 2, 
and extending backwards centrally, reaching the widely separated 
posterior radial plates and the anterior edge of the periproct. 

Ambulacra straight, similar, flush or slightly raised, increasing 
in width to the ambitus and diminishing thence to the peristome; 
with straight narrow, simple poriferous zones; a pair of pores 
to a plate, but actinally there are some compound plates, and 
some fusion of them at the peristome. Tubercles of the inter- 
poriferous areas in two or four vertical rows, slightly smaller than 
those of the interradia, hut otherwise similar. 

Interradia very broad actinally, with low, broad, curved plates ; 
tubercles in horizontal rows, some continuous vertically, all largest 
actinally, very regularly placed, perforate and very slightly ere- 
nulate or uncrenulate, in fiat or depressed areas surrounded with 
circles, squares, or hexagons of miliaries. 

Peristome large,decagonal ; branchial incisions large, sometimes 
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broader than long. Jaws exist. Perignathic girdle with ambu¬ 
lacra! processes, discontinuous. Periproet very large or moderate, 
placed between the apical system and the ambitus of the odd 
interradium, and at some distance from this ; oblong, pyriform or 
irregular in shape, flush; may be in contact with the apical 
system, or a portion of the posterior interradium may intervene. 
Spines short and striated. 

Fossil Oolites: England, Europe. Cretaceous: Europe. 

In Pygastev megastoma , Wright, the periproet intrudes so 
much, that the four basals are in a semicircle anteriorly, and the 
niadreporite is not central, but restricted to its normal basal; 
the posterior radial plates are widely separated. Probably it 
should enter Galerogygus, Cott. 

Genus Pyoastrides, Loren , 1887,2?$. till Kongl. So. Vef-AIcad . 
Handl . Bel. 18, Afd. iv. no. 10, p. 18. 

Syn, Pygaster . 

The periproet is dorsal and posterior. 

Ambulacral plates all simple, the first plates broad, uniporous, 
carrying distinct, separate auricles. Poriferous zones simple, 
straight. Spheridia single. 

Interradial peristomial plates single and broad. Tubercles 
perforate and erenulate, the primaries the largest. Ornamenta¬ 
tion (episfroma) luxuriant. 

Recent . Caribbean Sea, near Virgin Islands, 200-800 fins. 

The species was founded by Loven upon one imperfect specimen 
which only measured 8*5 iniliim. in length and 2*16 in height. 
But under the hands of the experienced teacher its structures 
were described and admirably drawn. The uniporous ambulacra 
and the solitary interradial plates at- the peristome, coupled with 
weak ambulacral perignathic processes and the anus close to the 
apical system, characterize the genus, which Loren has placed 
among the Eeliinoeonidre, met. It is a very aberrant form, and 
the solitary specimen is defective. 

Section II. 

Genus Discoidea, Klein, 1784 (Diseoides), Nat. Msg. Echin. 
p. 26, pi. xxv. Gray, 1825, Ann, Phil. p. 429. Besov , 1842, 
in Agassiz , Monogv . dlEch. viv. etfoss. livr. 8, p. 50. Besov , 
1858 9 Synopsis des Echin, foss. p, 175. Cotteau, I860, Ech, 
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(In Dept » de la Sarthe , Suppl. p. 412, Cot-tern- , Per on ei 
Gauthier, 1879, Ech. foss. de V Alger, fasc. 8, pi. xii. fig. 2. 
Duncan 4' Bladen, 1886, Journ. Linn . $<?<?. vol. xx. p. 48. 
Loom, 1874, Etudes , pi. xiv. fig. 125 ; 1888, Bihang till It. 
Sfo. Vet-Akad. Handl Bd. 13, Afd. iv. no. 10, p. 9.’ 

Test moderate and large, circular or subpentagonal in marginal 
outline, flat actinally, hemispherical or conico-liemispherical above 
the margin. 

Apical system small, subjjentagonal, the five basal plates united; 
the madreporite perforating some or all, genital ducts in all 
except the posterior ; radial plates small. 

Ambulacra narrow, flush, except actinally, where they are 
slightly raised, apetalous, consisting of low primaries near the 
apex, with rare demi-plates: near the ambitus and actinally there 
are compound plates, made up of a large middle primary, carrying 
a tubercle, and an adoral and aboral dend-plate, their sutures 
convex towards the large primary plate; or a large primary plate 
is associated with a small adoral demi-plate, the suture being 
convex abactinally. Pairs of pores very numerous, small, in 
simple series abactinally, becoming slightly biserial and crowded 
actinally. Primary tubercles small, creuulated and perforated. 

Iufcerradia with distinct median sutures; tubercles small, per¬ 
forate and crenulate, the vertical rows have larger tubercles near 
the median line than elsewhere. 

Peristome small, funnel-shaped, its margin high up aad formed 
by ambulacra! plates and also by a single plate in three interradia, 
and by a double plate in two interradia. Perignathic girdle a 
raised oblique discontinuous ring, composed of interradial plates 
(a ridge), the upper surface flat or shelving. 

Interradial plates within the aetinal surface with radiating ribs. 
Periproct small, aetinal, between the posterior margin and the 
peristome, its plates large posteriorly and reaching close to the 
anal opening. Branchial incisions indistinct. 

Fossil. Cretaceous: England, Europe, 3ST. Africa. 

The morphology of Discoidea subuculus, Klein, necessitates 
the formation of a subgenus for its reception. 

Subgenus Echibites {non auctonm ). 

Test small, tumid actinally and at the margin, snbhemispheriea! 
above. 
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Apical system with the madreporite in basal plate Wo. 2 only. 
Ambulacra with greatly crowded low primary tubercles. 
Interradia crowded with small tubercles, the line of the trans¬ 
verse coronal sutures furrowed. Bibbing of plates within slight. 
Perignathic girdle ill developed. 

Fossil. Cretaceous: England, Europe. 


Genus Coxocltpeus, Agassiz , 1839, Ech. Suisse , vol. i. p. 63. 
Besov. Synopsis, 1858, p. 318. Zittel , 1879, llandl. d. Bad. 
vol. i. pp. 515-516. Be Loviol , 1880, Monogr. des Belt. 
Ninnm. de TEgypie , p, SO ; Palceon tog rap h ica, 1881, Eoeiine 
Ech. am JEgypt. u, d. Lib. JVuste , p. 14. Buncon 4' 
Slade n, 1882, Pal. Lid. ser. xiv., Foss. Ech. W. Sind, pp. 51, 
94,124. A. Agassiz, 1883, ‘Blake' Ech . p. 49 (Amended.) 

Test large, thick, more or less oval in marginal outline, conical, 
vaulted, swollen or sub conical dorsally, rather flat actinally, rising 
somewhat suddenly from the margin. 

Apical system central or slightly excentric in front, small, 
projecting, with four basal plates; the madreporite in the right 
anterior basal, intruding also on the other basals, occupying 
the centre of the system, and separating the posterior radial 
plates ; five small radial plates. 

Ambulacra long, open, with broad poriferous zones nearly 
as far as the ambitus, thence gradually diminishing in breadth 
to the peristome, flush, or slightly sunken, or raised. Plates 
numerous low and broad primaries, rarely some demi-plates 
near the peristome. Pores wide apart and in pairs wfliere the 
zones are broad, the inner pore circular in outline, and the 
outer more or less elliptical or comma-shaped; pairs gradually 
increasing in breadth and then diminishing, separated by costm. 
Below* the parts of the ambulacra with paired pores others are 
continued to and over the ambitus to the peristome, as a single 
series, a pair rarely being seen near the peristome and then it 
is clue to the presence of a demi-plate. Phyllodes do not exist. 
Interporiferous areas broad, often projecting. 

Interradia large, but narrow at the summit, and consisting of 
broad plates which are much higher than those of the ambulacra; 
projecting into the peristome. 

Peristome central, moderate, pentagonal, elongate transversely, 
with well-marked hourrelets and no phyllodes. A ring-like 
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perignathie girdle with rather tall interradial ridges and jaws 
Periproct inframarginal, oval and longitudinal. 

Ornamentation of the ambulacra similar to that of the inter- 
radia, small, very equal, of small perforate and crenulate primaries 
in sunken scrobicules and intermediate granular epistroma; costae 
ornamented. 

Fossil . Cretaceous: Europe (P). Eocene: Europe, Africa, 
Asia f. 


Genera incertce sedis. 

Genus Galeeopxgus, Goiteau , 1856, Bull . Soc. Geoh de France , 
ser. 2, vol. xiib p. 648, & 1858-9, vol. xvi. p. 2S9. 

Syn. Galeogygus, Desor, Synopsis, 1858, p. 167; Gentropggus, 
Ebray. 

Large depressed Urchins, circular at the slightly swollen margin, 
except posteriorly, wh ere the edge of the test is thin and trun¬ 
cated. 

Apical system central, or excentric in front, closed in front 
and open behind, with four basal plates contiguous aud perfo¬ 
rated; the madreporite in the usual basal, which is the largest. 
The anterior and the right antero-lateral radial plates outside, 
the others in contact with the periproctal groove. A groove con¬ 
taining the periproct entering the apical system and separating the 
posterior radial plates, the postero-lateral basals, and reaching 
the left anterior radial plate and the anterior pair of basals. The 
groove passes down to the posterior truncation, and the periproct 
is partly within and partly outside the apical system. 

Ambulacra narrow, flush, straight, except the postero-lateral, 
which are more or less curved abactinally. Fairs of pores in 
simple series. Taberciilation of the test small, rather distant, 
homogeneous. Peristome central, decagonal, with branchial in¬ 
cisions. Spines subulate, striated, short. Neither perignathie 
girdle nor jaws have been seen. 

Fossil. Oolite : England, Europe. 

* A specimen in the British Museum shows the perignathie girdle rubbed 
down, and a vertical section in another specimen shows the interradial projec¬ 
tion or ridge. There is no process connected with an ambulacrum, but the 
interradial ridges are well developed. The girdle resembles that of Discoidca 
somewhat, 

t The genus Pkylloclypeus, Be Loriol, absorbs the old Conoclypei with floscelles 
and no teeth. 
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Q-enus Pachycbypetjs, Desor , 1858, Synopsis, p. 198. Gottecm, 
18(17-74, JPal. Franp., Belt. Terr . Jura , vol. is. pi. 101. 

Test large, tbin, ovoid in marginal outline, tumid above. 

Apical system compact P 

Ambulacra flush, apetaloid, similar, becoming wider towards 
the margin and contracting towards tlie peristome j pairs of pores 
in simple series. 

Peristome central, in a depression, indistinctly decagonal. 
Periproct supra-marginal and at the posterior surface. Tubercles 
irregularly distributed. 

Fossil. Oolite: Europe. 

It is a very unsatisfactory genus and must be placed amongst 
the doubtful series. 

Order IV. CLYPEASTBOIDA. 

The suborder Clypeastridse w x as, as A. Agassiz remarks in his 
* Bevision of the Echini,’ p. 504, limited by his father. The cha¬ 
racters of the group are sufficiently determined in the ‘Prodrome 
dTme Monog. des Kadiaires,’ 1836. But the morphology of the 
suborder was accurately described by J. Muller in his celebrated 
work on the .structure of the Eehinoclermata (“ Bau d. Eehino- 
derinen,” Abhandl. d. konig. Akad. d. Wiss. Berlin, pub. 1854, 
p. 123) ; and many very important points in the anatomy were also 
explained by Loven, in his Etudes (KongL Svenska Vetenskaps- 
Akad. Hand!. Bd. xi. no. 7, 1874, pp. 32 & 47). 

Loven recognized the name given by L. Agassiz and wrote 
the first perfectly accurate and sufficiently synthetic definition 
of the suborder (op* eif. p. 32). It was evident from the exam¬ 
ination of the recent and fossil forms which should come within 
the suborder that it would have to be split up into divisions of 
greater or less distinctness, and the types of Glypeaster , Scutella , 
Lnganum , and JHeliinocijamus were noticed to present structural 
differences of unequal, hut still of definite classificatory value. 
The question arose, were these types to represent families or 
subfamilies, and if the latter, how many families were to be 
recognized ? A. Agassiz, in his fi Bevision of the Echini, 5 divides 
the suborder into two families each containing subfamilies, and 
his first family is Haeckel’s Euelvpeastrides (Grenerelle Morpho¬ 
logic, 1866). The subfamilies were Eibularina, Gray, for Bchino- 
exjamm and its allies, and the Echinanthinse for Glypeasters (A. 
Agassiz wrote this last term with the family affix £t idse ”). How 
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it is certain from the construction of the ambulacra, the nature of 
the peri gnat hie processes, the development of the internal sup¬ 
ports of the tests, and the formation of the apical systems, that 
there is more than a subfamily distinction to be made between 
these groups. Again, Lagan um is the type of a subfamily (Laga- 
nidae, A. Agass.) of the same family Euclypeastrid®, but it de¬ 
parts extremely from the Filulanna and the Lenina n thus of A. 
Agassiz. The Seutellida?, the second family, have no subfamilies 
in the classification ox A. Agassiz, yet Amclnwides and Botula 
line! a place in it as genera. It appears that the subfamily is 
made too prominent and at the expense of limiting the family 
in this classification. 

After due consideration it appears that the types of the Cly- 
peastridee, mentioned above, should be representatives of families, 
and that the entire group is worthy of the same classificatory 
value and position as the Endoeycliea with jaws. Claus may be 
taken as a writer having much experience, and in his 1 Zoologie 5 
he follows the method ox A. Agassiz, but considers his suborder 
as an Order of the Class Echinides, the Echinodermata as a 
whole being a Type of Invertebrate. 

It seems therefore advisable to call the Order—Clypeastroida, 
and to partly follow Agassiz and A. Agassiz, by establishing the 
families Fihulariidse, Clypeastridce, and Scutellidm. 

Order IV. CLYPEASTEO IDA (p. 25). 

Syn. Olgpeasfrida ?, Agassiz (suborder), 1836. (Enlarged.) 

Test either flat, or tumid, or rising dorsally, with a thin or tumid 
margin which may be notched; the internal floor and roof 
connected by calcareous pillars and partitions, limiting more or 
less the internal organs, and forming, or not, false walls as 
coverings to the water-system. 

The apical system with a central madreporite; basal plates 
coalesced. 

Ambulacra more or less polyporous * tentacles heteropodons, 
Petaloid parts of the ambulacra both with branchial and disci- 
ferons tentacles in the poriferous zones; usually very numerous 
simple small tentacles, each one in relation with a single pore, in 
the interporiferous areas, placed in simple or branching grooves, 
or along the transverse sutures or in the plates generally; tubular 
branchial tentacles at the peristome. 

Interradia smaller than the ambulacra, may be disconnected, 
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freely perforated by small, single pores for small, simple tentacles 
aetinally, and also more or less abactinally. Tubercles small, perfo¬ 
rate, and erenulated. Open spaces or lunnles may occur in the 
extra-petaloid parts of ambulacra and in the posterior interradium*. 

Peristome actinal, usually central; interradial marginal plates 
single : perignathic girdle discontinuous; processes narrow, either 
interradial or ambulacral. Jaws short, expanded, stellate in dorsal 
outline, the united pyramids without braces and compasses, pro¬ 
jecting over the ambulacral areas; the teeth rarely more or less 
vertical, mostly horizontal: the jaws resting upon perignathic 
processes, or having them beyond their re-entering* margin; 
retractor muscles only. Periproet beyond the apical system, ex- 
centric, either aetinal, marginal, or dorsal in the posterior inter- 
radium. Spheridia few, covered. 

Family FibulariidjE. 

ClY PE ASTRIDE. 

Lagan mm. 

SCUTELLIDJE. 

Family Fibeiaeim, (subfamily) Gray, 1855, Oat. Bee . Bel. 

Brit. Mu§. pt. i. p. 27. {Amended.) 

Small Clypeastroida with rudimentary, widely open, few-pored 
petals; jaws rather high; teeth superior and slanting. Peri¬ 
gnathic processes broad, low, one on each interradium. Inter- 
radia small, with a single apical and a single peristomial plate, 
continuous* Periproet usually aetinal. Slightly developed ver¬ 
tical partitions within the test, aetinally limiting the ambulacra 
at their sides, radiating towards the peristome. A spheridiinn 
in each ambulacrum, covered. 

Genus Echinocyamus. 

Subgenus Scutellina (genus), Agassiz. 

Genus Sismondia . 

Fibularia. 

Bum. 

Moulinsia . 

Rotuloidea. 

Genus Echikocyamus, Van Phels. 1774, Brief. Leslie, 1778, 
Addit. ad Klein, p. 213. Agassiz, 1S41, Monogr . d'Ech. vie. 
et fess. livr. 2, p. 125. A. Agassiz , 1874, Revision, p. 304. 
Bovin, 1874, Etudes, pis. xvi. & xliv. 

Test small, thick, pyriform or subcircular in outline, tumid and 
* See Definition of terms,” in the last chapter of this * Revision . 5 
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slightly convex abactinally, concave actinally near the central 
peristome. 

Apical system central; sutures fused; madreporite central, 
with only one large pore; four genital pores; radial pores 
variable in size. 

Ambulacra broader than the interradia, short where slightly 
petaloid, widely open distally; pains of pores few and increasingly 
far apart; the horizontal sutures beyond the petaloid part, 
pierced by pores, some pores in the plates near the peristome. 

Interradia narrow, continuous, a single broad plate in each, at 
the peristome and also at the apical end. 

Peristome central, pentagonal. Perignathie ridges tall, broad, 
one on each peristomial interradial plate. Jaws small; pyramids 
rather high, flat; teeth superior, inclined. Periproet between 
the peristome and the posterior edge of the test; anal plates 
four or five, triangular. Ornamentation of uniform small perforate 
tubercles, carried over the apical system. Spines short and 
slender. Within the test are five pairs of partitions limiting the 
ambulacra, for a short distance. A single spheridium in each 
ambulacrum, covered. 

Fossil. Cretaceous to Miocene : Europe. Pliocene: England 
and Europe. Nuinmulitie: Asia and Africa. 

Recent , N. Atlantic and British Seas, Norway, Azores, Jose¬ 
phine Bank, Mediterranean, Florida, Caribbean Sea. Littoral to 
105 fathoms. 

Subgenus Sctttellina, (genus) Agassiz, 1841, Monogr. iVEch. 
vie. etfoss. livr. 2, Les Scutelles, p. 98. 

Test small, circular in outline. Jaws broad, low; pyramids 
horizontal ,* teeth superior. Periproet small, variable, marginal, 
or more or less supra- or iuframargmal. 

Fossil. Tertiary: Europe. 

Genus Sis mono r a, JDesor , 1858, Synopsis, p. 225. {Enlarged.) 

Test of small or medium size, subpentagonal or ovoid, depressed, 
inflated at the margin. 

Apical system central or subcentral, flush ; only a single pore 
of the madreporite is present; four basal plates and their pores 
are large; radial plates small, pores minute. 

Ambulacra, petaloid parts usually long, more or less open; 
pairs of pores few, not continued actinally; a great number of 

LINN. JOURN.—ZOOLOGY, VOL, XXIII. 10 
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minute pores occupy the transverse sutures of the plates actinally, 
and some are in the vertical sutures between the ambulacra! and 
interradial plates. Interradial areas supported internally by a 
pair of strong, complex, vertical partitions, and the other parts 
of the test, within, bristle with projections. 

Peristome central, sunken or not. Periproct aetinal, between 
the peristome and the posterior margin. Tuber dilation minute. 

Fossil. Eocene : Europe, Africa, and Asia. Miocene : Europe. 

A good series of drawings of a Sismondia will be found, by 
Bladen and Foord, in Monogr. Eoss. Edh. Sind,pt. hi. pi. xxv., Pah 
Ind. ser. xiv. 1S8A They may be compared with the drawings 
of two species of Echinocyamus which are upon the same plate. 
The Sismoudiu differs in the more definite plating of the apical 
disk and the longer and more shapeful ambulacra, which are, more¬ 
over, tumid. But the alliance is veiy close. It will be observed 
that there are several additions to the diagnosis of Besor, in the 
above definition. 


Genus Fibtjiaeia, Lamk. 1816, Hist. Hat. Anim . s. Vert . vol. iii. 
p. 17. Gray, 1855, Cat ah Reo . Fch . Brit . Hits. pt. i. 
p. 28, A. Agassiz, 1S78, Revision, p. 506. 

Syn. Mortonia , G-ray (non Desor). 

Test small, tliin, ovoid or elongate-elliptical, regularly arched 
and tumid dorsally, or sub spherical, tumid at the sides and acti¬ 
nally around the sunken peristome and periproct. 

Apical system central; four genital pores. 

Ambulacra short, with ill-developed, very open petaloid parts; 
pairs of pores very few, continued wide apart to the margin, not 
united by a groove. 

Interradia with or without the middle of the plates being 
raised. 

Peristome small, pentagonal, sunken. Minute concentric 
plates in the peristomial membrane. Jaws high, stout or slender; 
teeth superior, sloping; peri gnathic processes large. Periproct 
aetinal, sunken, nearer the peristome then the posterior margin, 
may be longitudinal and oblong. Internal structure of the test 
very simple, supports very rudimentary or absent, limiting the 
ambulacra near the edge. Tuberculation distinct, regular, or 
more distant actinally. 

Fossil. Upper Cretaceous : Europe. 
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Recent. Mediterranean, Bed Sea, Indian Ocean, Japan, Sand¬ 
wich Islands, Philippines, xlnstralian seas. 

The nest genus is not a satisfactory one. 

Genus Ktjxi, Agassiz , 1841, Monogr. d'Ech. vii\ effoss. livr. 2, 
Les Saddles , p. 32. 

Test very small, depressed, faintly arched dorsally, subcircular 
or ovoid at the thick, deeply incised margin. 

Apical system central ,* four genital pores. 

Ambulacra large, separated from the interradia by grooves 
dorsally and at the margins by incisions; petals short, widely 
open and everted distally ; faint median groove actinally. 

Iuterradia small. 

Peristome circular, elliptical, central. Periproct small, between 
the peristome and the posterior margin. 

Fossil. Tertiary: Europe. 

A. Agassiz and Liitken consider Moulinia = Moidinsia, Agassiz, 
1841, Monogr. d'Ech. viv. et loss. livr. 2, Les Scutelles, p. 130, 
tab. 22, to be synonymous with Encode , the young forms of tin's 
genus greatly resembling the species of Moidinsia . But if the 
figures given by the elder Agassiz be compared with those of A. 
Agassiz, it will be seen that there is much more general scolloping 
of the edge of the tests than is seen in the young (supposed) 
Encages. B. Etheridge described a species from hi. Africa which 
he placed in a genus Rotidoidea , and it shows the least possible 
anterior lobing. Tinder the circumstances it is best to consider 
MoitUmia and Rotidoidea as two closely allied genera. 

G-enus Mouixssia (Moulinia), Agassiz, 1841, Monogr . d'Ech 
did, et foss . livr. 2, p. 139, tab. 22. Desor , 1S4S, Synopsis. 
p. 222. Gray, 1855, Cat. Rec . Eck. Brit. 3Ius. p. 27. 

Test small, thin, very depressed, oval, slightly tumid above the 
edge, but flat dorsally. Margin lobed on account of the grooves 
along the median lines and between the ambulacra and iuterradia; 
some transverse grooving of the coronal plates. 

Apical system small, central; five genital pores f 

Ambulacra with petaloid parts widely open distally. 

Peristome central. Periproct inferior, between the peristome 
and the posterior margin. Ambulacra! pores not united by a 
groove. Tuberculation very distinct. 

Recent. Martinique. 

10 * 
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Genus Botuloidea, B. Etheridge , 1872, Quart. Journ . 6reoZ. $ 00 . 
vol. xxviii. p. 98. 

Test moderate in size, thick, very depressed, broadly ovoid, 
longer than broad, actinally slightly concave. 

Apical system small, central, circular; madreporite large, 
central; the genital pores on its flanks. 

Ambulacra subpetaloid, widely open, with rather broad pori¬ 
ferous zones; inner pores circular, outer elongate; and more or 
less tumid interporiferous areas ; actinally five perforated furrows, 
ramifying towards the margin. 

The interradia larger than the ambulacra. 

Anterior margin of the test smooth and slightly acute-; pos¬ 
terior margin broader and with many (12) fimbriations continued 
actinally as grooves. Neither limules nor cuts. 

Peristome central, pentagonal, sunken. Periproct small, 
between the peristome and the posterior margin. Tubercles 
equal, densely placed in areolae. 

Fossil. Miocene ; 1ST. Africa. 

Family Oltpeasteidjb. 

Syn. Echinanihidce (subfamily), A. Agassiz, 1872-74, Bevision, 
p. 510. 

Test small to very large, depressed, flat, to high; margin sub- 
pentagonal or subcircular, sharp to very tumid. Apical system 
central, the basal plates fused together, all perforated by the 
central madreporite; genital pores beyond. Petaloid parts of the 
ambulacra highly developed, usually unequal, the actinal furrows 
straight. 

Interradia actinally discontinuous, one peristomial and two 
apical plates in each. Jaws large, tall, wide above, the teeth 
in vertical grooves on the inner part of the pyramids. Peri- 
gnathic processes tall, narrow, two on each ambulacrum, fitting 
in below the jaws. Internal structure various, always with 
needles and pillars extending from floor to roof and expanding, 
placed so as to limit the ambulacra incompletely from the in¬ 
testinal areas, extending considerably towards the peristome j 
there may or not be a development of the pillars close to the 
edge of the test, and a more or less complete fusion of them 
into partitions arranged concentrically, so as to form inner walls ; 
there may be an inner wall to the ambulacra protecting and 
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forming the canals for the water-system; actinally the ambulacra 
and interradia much pierced by pores, less so dors ally. Tentacles 
heteropodous. Spheridia two, covered, in each ambulacrum. 

Genus Clypeaster. 

Subgenus Monostychia. 

Genus Diplothecanthus. 

Plesianthus. 

Anomalanihus. 

The generic name Clypeaster originated with Lamarck, Syst. 
Anim. s. Yert. 1801. Previously Breynius, 1732, 4 Schediasma de 
Echinis Methodica disponeudis,’ p. 59, placed a genus Echinan- 
thiis as one of the seven into which the Echinoidea could be divided. 
His definition was, “ Echinanthus est Echinus cujus apertura pro 
ore est prope centrum, pro ano in, vel ad margiuem longissimeab 
ore distanteni.’ 5 This is completely inadequate, and it naturally 
led him to combine several forms within the group, which really 
have no generic resemblance or affinity. Breynius gave figures of 
his types, and it is perfectly evident that his first form of Echin- 
anthus is a well-grown Echinolampas ovi/ormis . (This was 
reproduced in after years by Klein, Hat. Lisp. Ech. tab. xx. 
figs, c-d ; compare with Breynius, tab. iv. fig. 1.) 

A second form included resembles Eygorhynchus , and a third 
is a Cassidulus. Breynius gave no figure of a Clypeaster or 
of an Echinanthus as accepted by modern naturalists; but he 
refers to Bumphius, 1705, c Amboinsche Bariteitkanxer,’ pi. lix. 
fig. d, stating that his figure of Echinanthus agrees with the 
type of Bumphius; but this last is a miserable figure of a fossil 
Clypeaster alias. Again, the figure in Rumphius’s tab. xiv. fig. 3, 
is said by Breynius to represent an Echinanthus* but it is a Cassi- 
cluloid. However, Breynius refers to Sioaue, Hat. Hist. Jamaica, 
t. ii. tab. 242. figs. 6-11, and states that the figures also relate to 
his Echinanthus, They are those of the tumid Clypeastroid. It is 
interesting to note that Breynius remarked that the teeth of this 
form differ from those of Echinometm, and that there are within 
the test “ trabes perpendieulariter erectasff 

It is clear that Breynius did not separate the toothless EcJiino- 
lawpas and Cassiduloids from the gnathostomous Clypeastroid. 
It is therefore useless to prolong the discussion regarding his 
priority. 

Klein came next, and although he employed the figures of 
Breynius and added, op, cif. pi. xxix., capital figures of the supports 
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and double ambul acral floors of the tumid Clypeastroid, lie did 
not employ the term J Echinanthis. On the contrary, he called the 
forms (jNTat. Disp. Ech. p. 28, pis. 17 a, 18Z>, 19 a) Sectio 44 Scutum, 
species Intmile and altum. 

Linnaeus called the tumid Clypeastroid Echinus reticulatus • 
and Lamarck clearly differentiated the genus Clypeaster and 
included both the tumid and the flatter species in it. 

Neither of these last-mentioned naturalists considered the 
genus Ech inctn thus of Breyuius to he of any value. 

In 1825 Gray resuscitated the term EchincmtJms , but applied 
it not after the meaning of Breynius; he made it include the 
species termed Clypeaster by Lamarck. Neither Desmoulins 
nor Agassiz and Desor followed Gray, but considered Lamarck’s 
generic term good and correct. However, in 1855 Gray called 
all Clypeastroids, both flat and tumid, 44 Ech i nan thus ,” in his Cat. 
Decent Ech. Brit. Mus. ■ 

In 1825 Gray had founded the genus Eckinolampas , and in 
the Catalogue just referred to, p. 85, he again diagnosed that 
genus, and placed Echinanthis (see also under Eckinolampas 
oviformis , Cat. Dec. Ech. Brit. Mus. p. 35) as a synonym. Here 
an error crept in, and palaeontologists and zoologists have ever 
since employed Echinanthis in a different sense. The palaeonto¬ 
logists, following the early part of the definitions of Echinanthus 
by Breynius, have associated the word with the Gassidulidaa; the 
zoologists have either associated the word with all the Clypeas¬ 
troids, or have used it, following A. Agassiz, for the tumid 
Clypeasters especially. 

Desor, in his Synopsis, 1858, associated the term Echinanthus 
with a well-differentiated group, having all the characters of that 
figure given by Breynius which has a longitudinally elongate 
periproct placed supramarginal —the figure which may have repre¬ 
sented a Pygorhynchis . Echinanthis of Desor is a large genus, 
and it is impossible to state, with truth, that it is not Echi- 
nanthus according to Breynius. 

The distinction between the internal construction of the flat and 
the concave based or tumid Clypeasters was shown by J. Muller 
in his 4 Ban d. Behind 1854, p. 123. A. Agassiz, in bis c Revision,’ 
was so struck with the value of J. Muller’s discoveries, that lie 
determined to make the tumid Clypeasters form a genus Echwan- 
ihiiSj which he attributed to Breynius. The whole subject is con¬ 
sidered with the usual great care of the'author of that 4 Revision/ 
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and it does not appear that he will do otherwise than hold his 
ground. 

A. Agassiz retains the Lamarckian name GJ up easier for the 
flat-based and more or less thin-edged Clypeasters, and it becomes 
of great importance to discover whether the internal structures 
of the tumid form are sufficient to necessitate its inclusion in a 
different genus. 

This question was carefully considered before the publication 
of this Eerision. and with the result that CJypeaster must remain 
as a genus, and that two genera must be founded, one to include 
the West-Indian CJypeaster reticiilatus , Linu. sp. (Echi nan thus 
rosaceus, A. Agassiz), and the other to be associated with 
Eehinanfhus iestudinariiis , Gray, from Australia. 

Anomalanthus, Bell, is a fourth genus closely allied to CJypeaster . 

It will he observed that Ecldmnthus is now removed from the 
Clypeastridte and is placed amongst the Cassidnlidre, where 
Breynius certainly meant it to be in the first instance. 

Genus Clypeastee, Larnk. 1810, pars, Hist. Eat. Anim. s. Vert . 
toI. iii. p. 12. Desor , 1858, Synopsis, p. 299. Lilt ken , 1868 
(pub. 1864), Vid. Mecld. f. Eat. For. i Xjbbenh. pp. 100,132. 
A. Agassiz, 1872-74, Delusion , p. 300. Duncan , 1885, 
Journ. Linn. Soc. } Zool. vol. xix. p. 203, pi. 31. Loven , 18S7, 
Ech. descr. by Zinnaus , pp. 171-176 (for synonymy). 

Test variable in size, moderate to large, subpentagonal, ovoid, 
subcircular in marginal outline, usually truncated behind; edge 
thin, rarely slightly swollen, undulating in contour, with or with¬ 
out re-entering angles. Dorsum very depressed or tall, conical 
or subeonical, or campanulate, and usually tumid centrally, and 
sloping to the margins. Actinal surface fiat, and with the central 
peristome suddenly deeply sunken. 

Apical system small, central, or slightly escentrie; madreporite 
central, button or star-shaped ; basal plates fused; genital pores 
close to the edge of the madreporite, or in the median interradial 
sutures, five in number; radial plates small, and the pores also. 

Ambulacra much larger than the interradia, the petals large, 
broad, long, tumid; poriferous zoues broad, inclined, or narrow 
and short, nearly closing distally ; plates low, broad, unsyra- 
metrical, compound; the adoral component a primary and the 
ah oral a low broad demi-plate; pores unequal, wide apart, with 
an intermediate groove; pores in the transverse sutures of the 
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tumid interporifirons areas. Beyond llie petals and actiually, ilie 
pores are numerous and are oblique. 

Small pores in great numbers in oblique transverse lines in the 
plates, to the peristome ; actiual grooves straight, more or less 
developed, perioiatid. The second aml)ulacral plates from tlio 
peristome large and uniting aiound, so as to intrude upon tlio 
interradia. 

Interradia narrow between tlie petals, the double apical plates 
may have a genital pore in their median sutures; a single plate 
at the pcristomial margin; discontinuous actiually. Pores 
perforating tbe plates slightly abaetinally aud considerably 
actiually. 

Peristome sunken, polygonal, (bin-edged, with ten ambulacral 
and five in terra dial plates ; buccal pores at tbe edge; two 
spberidia bidden in each ambulacrum. Perignatbic girdle dis¬ 
continuous, placed beneath the jaws ; tbe processes tall, narrow, 
close, in pairs, arising from tbe edges of amb ulacral plates. Jaws 
huge; pyramids unequal, expanded dorsally; teetb in more or less 
vertical grooves placed on tbeir inner surface ; depressions 
below the pyramids for the articulation of tbe perignatbic 
processes. Periproefc infra-marginal, near or at tbe edge, pos¬ 
teriorly. 

\Yithin, numerous concentric partitions near tbe edge of tbe 
lest, forming false walls, composed of fused or perfect needle- 
shaped or stout pillars expanding at- the roof and floor; around 
the distal part of the petals and reaching to tbe floor are needles 
and supports expanding above and below, shutting off, incom¬ 
pletely, the ambulacral from tbe intestinal areas ; this structure 
may extend some distance between the petals. The ambulacral 
plates with projecting ridges or needles, not coalescing to cover 
over tbe. water-system or to form a double wall. 

Tentacles of the petaloid part of tbe poriferous zones branchial 
and pectinated in whorls; tbe tentacles of tbe small pores 
prehensile, with a calcareous support to the disk. Pedicel! a r im, 
some large stout-beaded and narrow-ended tridactyles upon short 
calcareous stems; other pedieellariae long, with narrow valves, or 
gemmiform and upon longer stems. Tubercles small, largest 
actiually, in sunken scrobieules, tbe intermediate structure with 
miliaries ; ambulacral ornamentation smallest. 

Spines very short for tbe size of tbe test, line, cylindrical, 
‘largest aud sometimes spathiform actiually. 



GENERA AND GROUPS OP THE ECIIINOIDEA. 


153 


Fossil. Tertiary; Europe, Africa, Asia, Australia, and N. 
America. 

Recent . Bed Sea, East-Indian Islands, New C aledonia, Philip¬ 
pines, Japan, Kingsmill Is., China Sea, Panama, San Diego, West 
coast of Africa, S. Carolina, Florida, Caribbean Sea, Brazil. 

The huge, tall, balley Tertiary species have flat actinal surfaces 
and are true Clypeasters. C. alius and 0. cegyptiacus have short 
stoat ridges upon the ambulacra! plates of the petals, within the 
test, and they do not coalesce, or do so very imperfectly in places. 

Subgenus Monostxchia, (genus) Lanbe , 1869, Site. cl. hais . 

Ah a cl. d. Wiss. Wien , p. 188; (genus) Duncan^ 1887, Quart. 

Jo urn. Geol. Soc. vol. xliii. p. 417. 

Test small, flat. 

A pical system small; madreporite button-shaped; four genital 
pores; margin notched when young decidedly, and the peristomial 
ambulacra! grooves straight and continued abactinally. 

Fossil. Tertiary : Australia. 

Genus Diplotheoanthus. 

Syn. Fchinanthus , Breynius, 1732, pars; Leske, 1778, pars; 
Limmis, 1761, Mus. Lud. Ulrich, p. 714 {Echinus reticul at us, 
see Loven, 1887, Ecli. deser. by Linneeus, p. 174) ; J. Muller, 
1853, Bau d. Echin., Abhandl. d. konig. Akad. d. Wiss. zu 
Berlin, pub. 1854, p. 123 ; Gray, 1855, pars ; A. Agassiz, 1872-74, 
Be vision, p. 310. 

Test moderate and large, pentagonal or subcircular in tumid 
marginal outline, angles rounded; dorsum tumid variably; actinal 
surface tumid, but hollow from the margin to a deep central 
peristome. 

Apical system small, madreporite star-shaped, central; the 
small radial plates at the re-entering angles, pores small, usually 
transverse ; the basal plates fused ; genital pores in the median 
sutures of the interradia, more or less remote. 

Ambulacra with long, broad, tumid, almost closed petaloid 
parts, with the poriferous zones broad, slanting or depressed; the 
pores distant, unequal; the plates compound, the adoral compo- 
nent a large low primary, the aboral a small demi-plate ; the wide 
interporiferous areas perforated ; beyond the petals the plates are 
simple and larger, and are mainly perforated obliquely aetinally. 

The interradia small abactinally and sunken; discontinuous 
aetinally, one plate entering the peristomial margin in each. 
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Peristome deep, its margin composed of ten ambulacral and five 
interradial plates, two splieridia in each ambulacrum hidden, 
straight grooves in the ambulacra, and buccal pores at the margin 
of the peristome. Teeth, jaws, and perignatliie girdle as in 
01 ijp easier. Periproct at or close to the margin. 

Internal structure without coucentric partitions or false walls 
at the edge, or separate needles, expanded above and below near 
the edge, but with the petaloid parts of the ambulacra more or less 
limited by stout discontinuous septa or pillars which extend some 
way towards the apex, and are curved around the poriferous zones; 
the ambulacral and intestinal areas imperfectly separated. The 
ambulacra, with the exception of the poriferous zones, have an 
inner wall, produced by the coalescence of broad calcareous 
growths from the inner surface of the plates remote from their 
transverse sutures, and which, after reaching a certain height, 
expand and unite so as to form a wall standing upon low broad 
foundations ; the raised foundations hound, and with the expan¬ 
sion form, the canals for the main and secondary water-systems 
of the ambulacra; foramina occur along the median line and 
near the poriferous zones. This inner wall supports expansions 
of pillars and needles. 

Ornamentation small; tubercles sunken and surrounded with 
miliaries. Spines short, slender. Pedieellariae, some very large, 
tiidactyle and tumid-headed. Two hidden splieridia in each 
ambulacrum. 

Fossil. Tertiary: West Indian Islands (Anguilla); San 
Domingo. 

Recent . West Indian Islands, Florida. (Littoral to 5 fathoms.) 
Genus Plesiaothcs. 

Svn. Glypeaster, Lamk. (pars) ; Fchinan this, Gray, 1855, 
A. Agass. 1872-4, pars. 

Test with a tumid, subpentagonal margin, tumid and depressed 
dorsally, concave actinally; peristome deeply seated. 

Apical system with a button- or star-shaped central rnadre- 
porite ; basal plates fused; genital pore beyond and in the 
median suture of the interradium; radial plates very small, pore 
circular or elongate. 

Ambulacra with the petaloid parts long, tumid, broad, closed, 
or nearly so ; poriferous zone broad, sloping or depressed, pores 
unequal, distant; -plates compound, the adoral component a 
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primary, the aboral a small demi-plate ; interporiferous areas 
broad, perforated. Pores of the non-petaloid parts oblique. 

Interradia small, discontinuous actinally, more or less per¬ 
forated, grooved or not. Peristome with ten ambulacra! and 
live interradial plates, two hidden spheridiain each ambulacrum. 
Jaws and periguathic girdle as iu Clyp easier. Periproct infra- 
marginal, in or close to the edge. 

Internal structure with tall pillars, more or less united, and 
expanding at the roof and iloor, placed so as to bound the 
ambulacra incompletely, and to reach some distance towards the 
centre of the test; some needles. Concentric partitions absent 
near the edge, and the inner wall of the ambulacra also. 

Spines small, cylindrical, largest actinally, and sometimes 
spatulate. 

Recent . Japan, Red Sea, Sandwich Islands, La Paz, Australia. 

Plesianthus (= Ecliinanthus ) testudinarius , Gray, sp., is the 
type. 

Genus Anomalanthus, J. Bell, 1881, Proc . Zool Soc. Bond. 
p. 40. 

Syn. Ecliinanthus , A. Agass. 1872—74,pars (see Rev. T. Woods, 
1877-1878, Proc. Linn. Soc. K.8.W. vol. ii. p. 169), 

Test large, ovoid in tumid marginal outline, high, swollen, 
flattened near the apex, which is slightly anterior. Peristome 
deeply sunken, grooves very slight. 

Madreporite central, star-shaped; genital and radial pores 
variable in size. 

Ambulacra apetalous, the poriferous zones abactinaliy broad, 
increasing in breadth to close to the margin, diverging gradually 
and becoming very wide apart, even tending to the lyrate form ; 
pairs of pores very diverse in size, united by shallow grooves. 

Periproct elongated transversely at the ambitus. 

Recent. Australia. 

It is interesting that there should only have been one large 
and mutilated specimen of the species w tumulus,” Woods, but 
Prof. J. Bell made the most of his opportunity. There is a true 
Chpeasier in the Eocene of Eutch (Kaehh) which has lyrate- 
shaped semi-petals (Duncan and Sladen, 1S83, Monogr, Terfc. 
Bell. Kaehh and Kattywar, Pal. Indica, sen xiv. p. 11). 
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Family La g anihie, (subfamily) A. Agassiz, Revision , 
1872-74, p. 516. {Enlarged.) 

Test flat, with swollen or tliin edges; the petals more or less 
unequal, narrow, lanceolate, moderate in length, ambulacra beyond 
them very wide; pairs of pores for branchial tentacles few, and 
between them are minute pores for prehensile tentacles, of which 
there are also multitudes in the interporiferous areas, interradia 
small, each with a single apical and peristomial plate, continuous. 
Simple straight actinal grooves iu the ambulacra, perforated, aud 
with a buccal process and buccal pores. Periproct between tbe 
peristome and the posterior margin. Jaws small, rather high, the 
teeth superior and slanting. Perignathic processes (ridges) single 
on the interradial peristomial plates, situated so as to be beyond 
and not below the jaws. Internal structure of several pillars 
forming discontinuous concentric partitions close to the edge 
of the test, and of partitions limiting the ambulacra. 

It is proposed to absorb the genus Rumphia aud the subgenus 
Reronella. 

Genus Laganum. 

Genus Laganum, Klein , 1734, Nat. Disp . Ech. edit. Paris, 1754, 
p. 92. Gray, 1825 (Lagana), Ann. EMI. n. s. vol. x. p. 427. 
Agassiz , 1841, Monogr. E Ech. viv. et foss. livr. 2, Zes 
Scutelles, p. 105. Gray, 1S56, Gat. Rec. Ech. Brit. Mus , 
p. 8. A . Agassiz , 1873, Revision, p. 516. Loven , Etudes , 
1874, pp- 47, S3. J. Bell, 1S83, Ann. Mag. Nat. Hist . vol. 
xi. ser. 5, p. 130. Duncan , 1885, Journ . Linn. Boo., ZooL 
vol xix. p. 206, pi. 31. (Amended.) 

Syn. Rumphia, Desor, 1858; Roly aster, Mielielin; Miehelinia, 
Duj.; Reronella, A. Agassiz. 

Test moderate in size and large; subpentagonal or ovoid at 
the swollen or thin margin, truncated posterioily, longer than 
broad, very depressed dorsally, flat or slightly concave actinally. 

Apical system small, more or less stellate; madreporite central, 
with or without a curved furrow, into which enter a few water- 
pores ; genital pores four or five, upon the flanks of the madre¬ 
porite. 

Ambulacra much larger than the interradia, but with the 
petaloid parts rather narrow, moderately long, nearly closed 
distaliy, plates simple; poriferous zones with minute simple 
pores in a transverse row between the consecutive large pairs ; 
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interporiferous areas with very numerous transverse rows of 
pores for minute tentacles; aetinally and at the peristome is 
a short groove, straight and perforate; buccal pores large. A 
single spheridium, covered, in each ambulacrum. 

Interradia narrow ; abactinally the highest plate is single, and 
aetinally the plates are continuous, and the peristomial plate is 
single. 

Peristome small, central, polygonal, formed by ten ambulacra! 
and five interradial plates. Jaws well developed, with the teeth 
superior and more or less inclined. Perignathic processes single ; 
interradial, short, bent, placed beyond the limits of the pyramids. 

Periproct small, inframarginal. 

Pillars and partitions only in concentric parallel series near 
the edge, within the test. Tubercles and surrounding miliaries 
scattered, similar, usually largest aetinally. Spines short, dorsally 
cylindrical, slightly swollen, larger, longer, and cylindrical acti- 
naily, many around the peristome and periproct. Large slender 
tridactyle pedicellarim near the petaloid parts of the ambulacra ; 
others with expanded tops on projecting stalks very general. 

Fossil . Tertiary: Europe, Asia, Java, N. Africa (Egypt), N. 
America. 

Recent East Indian Islands, Philippines, Pacific Islands, 
Japan, Persian Gulf, Eed Sea, Mauritius, Zanzibar, Australia, 
Tasmania, New Zealand. 

Family Scutellidje, Agassiz , 384*1, Monogr . cVEch* viv. et foss. 
livr. 2, p. 1. A. Agassiz, 1872-74, Revision, p. 524, 

Test very flat, margin incised or not, lunules or slits in the area? 
or not. Ambulacra! furrows bifurcating and branching. Peri¬ 
stome flush. Jaws flat, teeth superior. Eadiating partitions 
between the floors internally. 

Genus Scutella. 

Subgenus Echinarachnius , 

Genus Echinodiscus . 

Encope. 

Subgenus Monophora . 

Genus Mellila. 

Subgenus MelUtella. 

Astriclypeus . 

Genus Leniia. 

Mortonia. 

Ratal . 
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Snlfamily A r a c It n i n as. 

Ambulacral petals diverging; actinal grooves straight; no 
marginal cuts or lunnles. 

Genus Aracimoides. 

Gfenus Scutella, Lamarck. 1816, Hist. Hat. Anim. s. Vert. vol. iii. 
p. 7. Agassiz , 1841, Monogr . cVEch . viv. et foss . livr. 2, 
Les Scutelles , p. 75. 

Test moderate and large, much depressed, circular or sub- 
circular in outline, or undulating slightly or notched, broadest 
posteriorly, dorsally tumid, or subconical centrally, sloping to 
the thin edge. 

Apical system central, more or less pentagonal; madreporite 
central; four genital pores at the edge of the projections ; small 
radial plates and pores. 

Ambulacra with the petaloid parts unequal, well developed, 
nearly closed ; poriferous zones very broad, the inner pore large, 
the outer very small, and intermediate simple pores in the con¬ 
necting groove; actinal grooves straight and deep near the 
peristome, bifurcating much beyond. 

Peristome central, subcircular; buccal processes projecting. 
Jaws low, with rising laminae on either side of the superior 
horizontal teeth; pyramids unequal. Periproet small, infra- 
marginal. A homogeneous ornamentation of tubercles in hexa¬ 
gonal areas which are crowded with miliaries, largest actually, 

Within the test, flat pillars and partitions, forming discontinuous 
structures concentrically near the edge, and limiting the ambu¬ 
lacra for short distances. 

Fossil. Cretaceous?: ST. America. Eocene, Miocene, and 
Pliocene: Europe. 

Subgenus EcHiNARACHNirs, Leske (genus), 1778 , At!Jit. ad Klein, 
p. 218. Crag, 1825, Annals of Bhil. vol. x. p. 6 (genus). 
E. v. Martens, 1865 (Scutella), Monatsh. d. honig. Ale ad. d. 
Wiss. Berlin , p. 140. A . Agassiz, 1872-74, Revision , p. 315 

(subgenus). Loven , 1874, Etudes , p. 50. 

Syn. JDendraster, Ag.; Scapliechbius, Earn.; Clientodisciis, Liitk. 

Apical system exeentrie in front or behind. 

Ambulacral petals large, long, unequal, open or tending to close; 
poriferous zones broad; pores and prehensile tentacles in the 
zone between the branchial tentacles; actinal furrows simple, 
narrow, and perforated near the -peristome, bifurcating and 
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branching further out 5 the median furrow continues to the 
margin and may also he abactiual. 

Interraclia narrow, hut the two apical plates do not embrace 
the genital pores, which are on the flanks of the madreporite; 
actinally the posterior interradiuni is discontinuous in the adult. 
Perignathic processes single, upon an interradial peristomial plate. 

Peristome central, its margin composed of ten ambulacra! and 
five interradial plates ; buccal tentacles large, simple. 

Periproet aetinal, marginal or supramarginal. Marginal pedi- 
cellar he bifid. A single covered splieridium in each ambulacrum. 

Internal structures close, broad, concentric, discontinuous 
partitions and pillars, which radiate from points and occupy 
much space near the inner edge; more or less continuous parti¬ 
tions limiting the ambulacra for some distance inwards. 

Recent. Both sides of 1ST. America, Japan, Kamtschatka, Aus¬ 
tralia, blew Zealand, Indian Ocean, Bed Sea. 

Genus Echinodxscus, Breynius, 1782, SchecUasma, p. 63, tab. vii. 
(pars). Agassiz, ISdl, Mo nog r. cVEeh. viv. et foss. livr. 2 , 
pp. 62, 72; Gray, 1355, Cat, Rec. Ech. Brit. Mm . pt. i. 
p. 19. A. Agassiz , IS73, Revision , p. 531. 

Syn. Amphlope , Agass., 1 S 11 ; Lolophora , Agass., 1S11. 

Test moderate and large, thin, flat, slightly raised dorsally, 
subcircular, widest posteriorly and truncated there. Two lunules 
or slits posteriorly, one in each of the median lines of the postero¬ 
lateral ambulacra ; lunules long, narrow, or broad and circular. 

Apical system central or slightly anterior. Madreporite 
central, large, stellate; four genital pores beyond; radial places 
small. Ambulacral petals small, broad, unequal, closed; the 
poriferous zones very broad; actinally the grooves are single near 
the peristome, perforate, wavy, and they soon bifurcate and again 
near the margin; a buccal process in each groove near the 
peristome. 

Xnterradia narrow, the two apical plates of each having a 
genital pore in their median suture. 

Peristome small, central, lobed or subpentagonal. Jaws flat, 
stellate, teeth horizontal, placed above the perignathic processes, 
which are single in each interradium and low and oblique. Feri- 
proet small, aetinal, nearer the posterior edge of the test than 
the peristome. 

Internal structure with the central space free, and beyond to 
the inner edge there are stellate networks of cellular supports 
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and o£ pillars. Aetinal tubercles larger than the abactinal and 
tlie spines also, those of the dorsum are clavate. 

Fossil. Tertiary : Europe, Africa, Asia. 

Recent. Japan, E. coast of Africa, Bed Sea, Madagascar, Java, 
Philippines, Hew Caledonia. 

Genus Excope, Agassiz, 1811, Monogr. fTEch. vie. etfoss. livr. 2, 
Les Scutelles, p. 45. Michelui, 1851, Rev. et Mag. Zool. 
France , p. 99. Liitlcen , 1868 (pub. 1864), Ykl. lledtl.f 1 Nat. 
For. Kjobenh. pp. Ill and 183. Yerrill, 1867, Notes on 
Radiata , p. 309, A. Agassiz , 1872-4, Revision , pp. 126, 
824, 544. Love n , 1874, Etudes , p. 47. 

Test moderate and large, very depressed, slightly arched dor- 
sally, flat actinally ; marginal outline variable, circular, elliptical, 
ovoid or subpentagonal, may be broader than long or the reverse, 
more or less truncated behind. A broad notch of greater or less 
length, or a lunule in the median lines of the ambulacra, and a 
iunule in the posterior interradium. 

Apical system central, or excentrie in front; madreporite more 
or less stellate in outline, the five genital pores outside of it; the 
radial plates small and the pores minute on its sides. 

Ambulacra divisible into a birum and trivium; the posterior 
petaloid parts the longest, very nearly closing, with very broad 
poriferous zones ; inner pores large, others small in very narrow 
grooves. Actinally the ambulacral grooves are perforated, bi¬ 
furcating and branching towards the margin. The second ambu¬ 
lacral plates of all the zones are large, and unite so as to form a 
ring around the peristome, which is composed of ten small ambu¬ 
lacral plates and five interradial plates. 

Interradia very narrow abaetinally, the highest pair of plates 
narrow and including the genital pore in the median suture; 
actinally discontinuous, a single peristomial plate to each area. 

Peristome small, subpentagonal; a single half-hidden spheri- 
dium in each ambulacrum. Periproct small, between the posterior 
lunule and the peristome, or entering the lunule. 

Inside, the test is very cellular, aud there is a more or less 
continuous area with pillars and partitions, some concentric or 
radiating from many points near the edge within; cellular struc¬ 
ture separating the poriferous zones of the ambulacra from the 
intestinal tract and reaching inwards ; a corresponding structure 
becoming lamellar in the interporiferous areas, and another sur¬ 
rounding the jaws. 
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Jaws small, stellate : teeth superior, Perignathie processes one 
on each interradium, low, narrow, "bent. Spines short and cylin¬ 
drical ae finally, very small and ovate-headed dorsally. 

Fossil. Miocene: Cuba. 

Recent, AY. coast of America, California, West Indies, Yucatan, 
Panama, Florida, 

Subgenus Moxopixqra, Agassiz, IS 47 (genus), Bull. Soe. GtoL de 
France , voL iv. p. 2S7. Caftan*, 1S34, Bull. Sac. Zool . de 
France, vol. ix. p. 340, pi. xi. A, Agassiz, IS7-4 (subgenus), 
Felt. c Hassler 9 Fayed., III. Cat. Has. Comp , Zool . no. S (I), 
p. 13. 

Test moderate in size, discoidal, with a thin, subcircular or 
slightly lobed margin, may be widest posteriorly: tumid dor¬ 
sally, flat actinally. A single small luuule in the posterior 
median line. 

Apical system centred; madreporite large, genital pores on its 
Hanks. 

Ambulacra with nearly equal petals, which are short and nearly 
dosed distally ; poriferous zones broad; pores o£ pairs unequal, 
distant, separated by a long flexuous groove; beyond the petals 
the pores diverge and penetrate the wide ambulacra! plates. 
Actinally, the ambulacra! grooves are straight at the peristome 
and perforated, they soon bifurcate and may ramify further out. 

Interradia narrow near the apical system, smaller than the 
ambulacra, the posterior with a small oval oblong lunule in tlie 
line of its median suture. 

Peristome subcircular. Periproct small, not far from the 
peristome, and between it and the luuule. Tubercles abundant, 
dose, small, smallest on the flanks of the ambulacra! grooves. 

Fossil . Miocene : Haut Parana and Patagonia, South America. 

Genus Mellita, Klein, 1734, Fat. Disp. Felt. p. 31, pi. xxL (ed. 
Paris, 1754, p. 90, tab. xi. fig- c). Agassiz, 1841, Monogr* 
IEch. vie. et foss . livr. 2, p. 34. Gray, 1S51, Proe. ZooL 
Soe . p. 30. Mich el in, 1858, Rev. et Mag . Zool. p. 358. 
Terrill , XS67, Notes on Badiuia, p. 312, and 1871, p, 5SS. 
A. Agassiz, 1872-4, Revision , pp. 140, 319, and 584. 

Test moderate and large, very fiat, slightly arched above, 
especially anteriorly, slightly concave actinally, edge rather sharp. 
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Marginal contour variable, subcircular, subpeutagonal, narrow 
and long or the reverse, usually truncated posteriorly. Five or 
six lunules, usually closed, narrow and long, one in the median 
line of the posterior interradium, the others in the ambulacra, 
rarely developed as cuts. 

Apical system variable in position, central or exeentric in 
front, large, tbe madreporite central, the radial plates on its 
flanks, the four genital pores in the interradia. 

Ambulacra petaloid abactinally, the posterior pair the longest, 
all nearly closed, with broad poriferous zones, pores distant; 
interporiferous areas tumid, plates very low. Actinally the plates 
are grooved simply and perforated near the peristome, the grooves 
bifurcate more than once towards the edge of the test. A 
single half-hidden spheridimn in each groove near the peristome. 

Interradia very narrow abactinally, the apically placed plates 
enclosing a genital pore in four areas; discontinuous actinally 
except in the posterior interradium. 

Peristome small, central or exeentric in front, with an orna¬ 
mented margin; single interradial perignathic processes, short, 
curved, bent backwards. Jaws above the processes, rather flat; 
teeth superior. Periproct small, at the proximal end of the 
interradial lunule. 

Simple pillars and close radiating partitions connect the upper 
and lower surfaces of the test near the edge inside, and extend 
inwards as solid partitions and separate the ambulacral and intes¬ 
tinal areas, and a cellular structure limits the jaws more or less. 
Spines club-shaped abactinally, spathiform near the edges of the 
lunules, actinally straight and long, and cylindrical and curved 
near the ambulacra! furrows. Actinal tubercles rather large, 
with a raised warty intervening structure, abaetinal tubercles 
smallest. 

Fossil . Pliocene and Post-Pliocene: FT. America. 

Meceni. Gulf of California, Panama to Peru, Galapagos, "West 
Indies, F. and 8. Carolina, Florida, Bermuda, Brazil; (Bed Sea?), 

Subgenus Mellitella. 

All the ambulacra! lunules as open slits in the margin. Genital 
pores four in number. Peristome and apical system exeentric 
posteriorly. 

Eecenf , Guayaquil, Panama, Galapagos. 

To receive Melliia 8tokesi\ Agass., sp. 
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Subgenus Astriclxpeus, Terrill , 1S67 (genus), Mies on 
Radiata , p. 311. A* Agassiz , 1873, Revision, p. 538. 

Svn. Crustiilnm , Troschel. 

Test large, stout, depressed, circular in front, truncated poste¬ 
riorly. Petals slightly unequal; poriferous zones "broadest at 
tke distal ends of the petals. Lunules long, narrow, the anterior 
the longest, all ambulaeral; the interradial Inutile wanting. 
The calcareous pillars separating the jaws from the intestinal 
region absent. Remaining interna] structure as in Mellila-. 

Jaws flat, pitted inferiorly for the articulating processes of the 
girdle; teeth superior, short. 

Recent. China and Japan. 

Genus Lexita, Desor, 1847, Cat ah Rais . p. 84 ; 1858, Synopsis, 
p. 222. E. Tories, 1852, Quart. Journ. Geol Sec , p. 342. 
Test elongate, elliptical, depressed, only slightly tumid dorsaily. 
Apical system with four genital pores. 

Ambulacra with open petals ; tbe pores barely conjugate. 
Peristome circular, central. Periproet supramarginal. A 
broad, smooth antero-posterior actinal zone along the median 
line, flanked by large tubercles. Pillars and septa absent within* 
Fossil. Eocene: Europe. 

The next genus is of very doubtful value. 

Genus Mortonia, Desor , 1857, Synopsis, p. 231. 

Test moderate in size, circular in outline, with a swollen edge. 
Apical system with five genital pores. Ambulaeral petals 
open. 

Peristome central, and the periproet between it and the pos¬ 
terior margin of the test. Ambulaeral grooves actinally dichoto¬ 
mizing and branching. 

Fossil Eocene : Alabama, 17. America. 

Genus Kotula, Klein, 1734, Mat. Disp . Fch. p. 31, pi 22 (ed. 
Paris, 1754, p. 94). Agassiz, 1841 ,Monogr. d'Ech. viv. etfoss . 
livr. 2, Les Saddles, p. 23. Gray , 1855, Cat. Rec. Ed. Brit . 
Mns . pt. i. p. 16. A. Agassiz , 1873, Revision, p. 540. Loren, 
Etudes, 1874, pp. 33, 83, pi 46. fig. 238. 

Test moderate and small, very flat, circular anteriorly, with 

11* 
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several short digitations, varying in length at the sides and pos¬ 
teriorly, Avitli or without incisions, and two anterior Imiules; 
slightly tumid dorsally, and flat or concave actinally. 

Apical system small, central, tumid, stellate or not; radial 
plates small and with minute pores at the end of the limbs of the 
star; the four large genital pores within the system, rather close 
and separated by part of the madreporite or in grooves. Madre- 
porite central and extending outwards ; sutures not visible ; fifth 
genital pore absent. 

Ambulacra well developed, subequal, but divisible into bivium 
and trivium, long, snbpetaloid, open distally, where the pores di¬ 
verge and are continued irregularly to the margin; poriferous 
zones broad ; pores large, except quite apically, with or without 
a line of intermediate minute perforations. In well-defined 
grooves at the peristome, perforated minutely, ending in a peri- 
stomial projection where there are large pores, grooves bifurcate 
into the digitations or not and in front. Spheridia, one in each 
peristomial groove, half covered. 

Interradia very narrow at the apex and with one plate there ; 
disconnected actinally, except in the posterior area and sometimes 
in area 8,011 account of the dimensions of plates 2 of the ambu¬ 
lacra external to the peristomial series. 

Peristome small, central, subpentagonal, with five slightly 
projecting ambulacra! processes, surrounded by ambulacra! and 
interradial plates. 

Jaws short,small; teeth superior; perignathicprocesses inter- 
radial, single, small, low, hollow towards the pyramids. 

Periproct small, circular, between the peristome and the digi¬ 
tations. Tubercles of the actinal surface very uniform, small and 
close ; similar distribution abactinally. 

Internal dissepiments wanting centrally; no septum between 
the ambulacra! and intestinal areas ; some needles in the digi¬ 
tations and extending inwards as columns or layers, but scanty 
in arrangement. 

With or without two anterior lunules. 

Recent. W. coast of Africa and Cape'Verde Islands. 

■ There are two sections of this small genus—( 1 ) with luimlos 
and intermediate axnbulacralpores, the type of which is Rulugmti\ 
Klein ; ( 2 ) without lunules, R. Riimphii, Klein. 
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Subfamily Arachn ince (p. 15S). 

Genus Araciinoides, Breyuius, 1732, Belted, de Belt. p. 61, tab. 7. 
figs. 7-8. Klein, 1731, Nat . JDisj). Bek. p. 33, tab. 30. 
Agassiz , 1841, Monogr. d'Ech. viv. etfoss. livr. 2 ,Les Scutelles, 
p. 94. Gray, 1851, Cat. Bee . Belt. Brit. Mas. pt. i. p. 13. 
A. Agassiz , 1873, Bevisiou, p. 528. Lovcn, 1874, Etiules , p. 34. 

Syn. Asterodaspis , Conrad; Alexandria , Pfeffer, 1S8G (*?), 

Test thin, very depressed, outline circular, edge thin, slightly 
sub conical dor sally.' 

Apical system central, tumid, the madreporite surrounded by 
radial plates and four or five genital pores. 

Ambulacra very large, greatly exceeding the interradiain area, 
the pctaloid portion with narrow poriferous zones very widely 
divergent and open distally ; plates of petaloid part compound, 
an aboral demi-plate and a large adoral primary plate ; the trans¬ 
verse sutures riddled with minute pores ; actmally the plates form 
the whole of the peristomial margin or not ; the ambulacral 
grooves straight, perforated by two buccal pores; with or with¬ 
out a process passing over the margin ; and reaching the apex, 
imperforate. Two spheridia to each ambulacra! groove near the 
peristome, bidden. 

Interradia small, narrow apically, ending there with two plates, 
excluded from the peristome or not; not perforated by pores. 

Peristome subpentagonal, central. 

Jaws fiat, with a crest and small rotulm ; teeth superior. The 
perignathic processes are stout, moderately tall and bent; there 
are two placed side by side on each peristomial infcerradial plate. 

Periprocfc abactinal, near tbe posterior margin, small, circular. 
Tubercles of the ambulacra in oblique series; in terra dial tuber- 
eulation coarse, irregular, largest and least crowded actmally. 

The internal structure of the test shows concentric rows of 
disconnected calcareous walls or calcareous pillars near the inner 
edge, branching and stellate nearer the middle of the test; neither 
partitions limiting the ambulacra near the margin, nor hard 
structures separating the ambulacral and intestinal areas. 

Fossil. Pliocene: California. 

Be cent. Amboyna, N. Australia, Blinders Is., New Zealand, 
East Indian Islands, Burmah, Mergui. 

Alexandria, Pfeifer, 1880, Verhandl. d. nat. Tore Ins. v. Hamb.- 
Aitoua, n, 1C v. ]), 63, appears to be an Arndt no ides with a pos¬ 
terior notch. 
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VI. 

Order V. The Spatangoida. Snboi'der Cassiduloidca. Tlio Family Ecliino- 
aeidce, Subfamilies and Genera. Genera incertie sedis. Inumly CasaKutlidfe 
and its Alliances and Genera and Subgenera. Family Colly ntidie and Genera. 
The Family Plesiospatangidje and Genera. 

Order V. SPATANGOIDA (p. 25 ). 

Suborder Cassiduloidea, 

„ Spatangoidea. 


I. Suborder Cassiduloi&ea. 

Exocyclic nodostomes with a transverse or an oblique elliptical 
or irregularly shaped or pentagonal peristome ; with or without 
64 floseelles.” Apical system either compact or elongate. Ambu¬ 
lacra abactinally simple, petaloid or subpetaloid, usually similar. 
Interradia, some or all, with a single peristomial plate ; the pos- 
tero-lateral areas symmetrical actinally, without any fusion of 
plates; no plastrons, Periproct in the posterior interradium. 

I. Family EchinoneiDxB. 

Subfamilies Mckinoconka 9 Echinoneha, Qligoyygince, Ecliino - 
brissince . 

II. Family Cassidulid/E. 

III, „ Co LLYRlTlDiE. 

IV. „ PlESIOSPATANGIDjE. 


I. Family Ecuxnojxetb.®. 

Cassiduloidea with variously-sized tests, ovoid or sob pentagonal 
in marginal outline ; tall, subconical, or subhemispherieal, or low 
and tumid dorsaily; tumid and rarely flat actinally. Apical 
system central, compact or subeompact, with four perforated 
basal plates. Ambulacra similar, moderate in width to narrow, 
dorsaily apetalous or subpetaloid, rarely tending to dose. Pores 
in simple pairs or rarely in oblique triplets actinally ; no floseelle. 
Tentacles homoiopodous. Peristome oblique or transverse and 
elliptical, rarely symmetrical; the number of inter radial peri¬ 
stomial plates variable. Periproct aetinal, marginal or supra¬ 
marginal. 

This Paraily is subdivided into four subfamilies. 
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1. Subfamil j E chino conince . 

Tall, conical or subhemiapherieal tests, rather flat aetinally; 
the peristome more or less symmetrical; ambulacra with triplets 
of pairs of pores aetinally ; periproct submarginal or marginal. 

Genus Echinoconus. 

Lanierza . 

Genus Echistocohus, Breynius, 1732, Schediasma de Ech. p. 57, 
pi. 3. fig. 12. Desor , 1812, Monogr. d'Ech. viv. etfoss. livr. 3, 
p. 7. E. Forbes, 1850, Mem. Geol. Sure, decad. iii. pi. viii. 
Ootteau Triger , 1859, Ech. de la Sarthe , p. 279. Loom, 

1872, Etudes , pi. xv. Martin Duncan, 1881, 6r<s0l. JThy. 
p. 10. Loren, 1887, Bihang till Kongl. Svensh. Yet ~ Ah ad. 
Handl. Bd. 13, Aid. iv. no. 10 (Stockholm, 1888), p. 10. 
Duncan $ Sladen, 1889, Ann. Sf Mag. Mat. Hist. ser. 6, 
vol. iv. p. 238. 

Syn. Galerites, Link. 1816, Anim. s. Yert. vol. iii. p. 20 ; 
Desor, 1812. Conulus, Klein. 

Test moderate, thin; oval, circular, or subpolygonal in mar¬ 
ginal outline ; tall, conical, subcorneal, or tumid and subhemi- 
epherical dorsally, flat or slightly tumid aetinally. 

Apical system small, compact, with four basal plates which are 
perforated; the madreporite in the right anterior, the has ds 1 
and 4 in contact and behind the madreporite, or slightly separated 
by one or by both of the posterior radial plates; anterolateral 
radial plates separating the basal plates or not. 

Ambulacra flush, or slightly raised, apetalous, straight; plates 
both low primaries and demi-plates, with larger primaries, some 
compound plates ; pairs of pores small, in simple series abaetin- 
aily and in oblique triplets aetinally and close to the peristome. 
Interradia with a moderate number of broad, not very high plates. 

Ornamentation of numerous small primary tubercles, and 
an epistroma of scattered distant sharpish granules. 

Peristome central, sunken, slightly decagonal, symmetrical; 
some interradial marginal regions with one plate only ; with an 
ascending, slightly developed tube; ten small, thick, buccal 
plates close to the margin. Perignathie girdle reduced to a 
thickening of the interradia as a low false ridge. Jaws none. 
Periproct marginal or submarginal. 

Fossil. Cretaceous ; England, Europe, 1ST. Africa, Asia. 
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It does nob appear that the interesting species first of ail 
noticed by d’Orbigny, and rec]escribed by M. Cotteau, Dose. Ech. 
foss. dc Cuba, 1881, in Ann. de la Soc. gdol. doBclg. voi. ix. Mom, 
p. 11, pi. i., can enter J Eekinoconuft. I have therefore clolinod a 
genus Lanieria for the so-called Mchinocmim Laiticri . 

Genus Laztcehia, gen. nov. . 

Test moderate, high, sub globular, slightly elliptical in marginal 
outline, broader than high, narrower and slightly tumid actinally. 

Apical system central, projecting, pentagonal, with live basahs 
largely perforated by genital ducts ; madreporito in the right 
anterior, and also occupying the centre of the system and sepa¬ 
rating basals 1 and I and reaching basal 5. Kadial plates entering 
the periproctal ring* 

Ambulacra straight, narrow’, flush, apetaloid; pairs of pores 
directly superimposed except actinally, where there is an arrange¬ 
ment of triplets in arcs. Tubercles of the interporiterous areas 
small, perforate and crenukte, larger near the poriferous zone, 
in two or more vertical rows. 

Interradia large, with several vertical rows of primary tubercles, 
two of which reach the apox, serobietilato and with granules 
between. 

Peristome central, circular, slightly notched. Pcriproct rather 
large, elliptical, close to the peristome and reaching close to the 
posterior edge of the test. 

Fossil Cretaceous or Eocene: America (Cuba). 

This genus admits Galentes^Eclumconus Lanicri , d’Orb. 


IL Sub family JUch i n one i n ce. 

Tumid, low tests, more or less pulvinato actinally ; peristome 
central or subcentral and oblique. 

Genus Echinoneus ♦ 

AmNypygus* 

Caratomus, 

Pygaulus . 

Pyrina. 

8ubg«ius Nuckopyyus, 

Genus slnorUwpijffiis* 
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Genus Echtnoneus, Tan Phelsum, 1774, Brief aan Cornelius 
Nozeman. Leslie, apud Klein, 1778, p. 178. Dcsor, 185S, 
Synopsis, p. 197. Loren, 1872, Etudes , pis. ix. and xv. 
A. Agassiz , 1872-74, Revision , p. 332. Duncan , 1881, Gcol. 
Mag . p. 17. 

Test small, thin, elongate-ovoid in marginal outline, tumid 
dor sally, flat act in ally, depressed. 

Apical system central, small, compact; four basal plates per¬ 
forated by ducts, the posterior pair united, sutures fused, fifth 
basal absent; the madreporite in the right anterior basal. Eadial 
pores very small. 

Ambulacra similar, flush, apetaloid, narrow, broadest above the 
ambitus ; poriferous zones narrow, straight, sunken or not; pairs 
of pores numerous, in straight series, some are in low primaries 
and others are in larger primaries associated with a small cleini- 
plate also currying a pair. Tubercles of the interporiferous 
areas crowded, sunken or not, small, simple, and without ma¬ 
in el on s. 

Interradia with crowded tubercles resembling those of the 
ambulacra; but many small, glassy, spineless tubercles of epi- 
stroma occur. 

Actinally the ambulacra are unequally broad, in consequence 
of the obliquity of the triangular, rounded-angled, large, central 
peristome. This is longest between the interradia 2 and 4 and 
the edge of ambulacrum v. At the peristomial margin the 
interradia 2 and 4 have two plates, but all the others only have 
one. The actinal membrane is covered with pentagonal plates, # 
which become more numerous towards the centre of the area and 
the small mouth. 

Periproet inframarginal, large, long, oval, separated from 
the peristome by a single interradial peristomial plate and the 
succeeding pair of plates. The membrane without tentacles, 
Pcriproetal plates large near the edge anteriorly. Spines short. 
Ambulacra! tentacles homoiopodous, diseiferous. 

Fossil Miocene: N. America. Late Tertiary: Guadeloupe, 
Cuba. 

Recent . Caribbean Sea, Florida, Australia, Riugsmill Islands, 
Zanzibar. 
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Genus Ambltptg-tjs, Agassiz , 1810, Gat ah Sgsf, Dehjp. JVcJihi . 
Mm. Neoc. p. 7. Desor, 1858, Synopsis , p. 255. Du naan Sf 
Bladen , 1888, Dal. Ind. ser. xiv., AW. jEVj/i. Kaehh Sf Kat. 
p. 12. Duncan , 1881, Deol . ilfhy. p. 17. 

Test large, stout, ovoid or sub pentagonal at the tumid ambitus, 
moderate or depressed in height, tumid and convex dorsaliy, 
more or less swollen actinally, around the peristome. 

Apical system central or subcentral, small, four basal plates 
with large duets, and perforated by the madreporite, which is 
largely in the right antero-lateral basal, and which may pass 
between the postero-lateral basals and even separate the pos¬ 
terior radial plates, Eaclial plates small. 

Ambulacra narrow, flush or slightly raised, apetaloid, conti¬ 
nuous from the apex to within the perEtomial tube ; poriferous 
zones expanding below the apical system and contracting before 
reaching the ambitus, thence becoming very narrow and con¬ 
sisting of a straight series of oblique small pairs ; at the expanded 
part the pairs are separated by a raised costa, the inner pores 
are circular, the outer series being transversely elongate and the 
pores are connected by a groove. Plates are mainly low primaries, 
each with a pair of pores; but many are composed of a small 
demi-plate and a large primary combined. 

Interradia broad; unequally broad at the peristome, where the 
plates are single in all the areas except 2 and 4, in which there 
are two peris to mial plates ; all these plates pass up slightly and 
form a kind of mouth-tube. 

Tubercles of both areas very small, crenulnted, distant, and 
'separated by sharp epistromal granules. 

Peristome large, oblique, the long axis between interradia. 2 
and 4, sunken, deep, widely opeu, irregularly triangular, with a. 
long and short axis, subcentral. Periproct large, pear-shaped, its 
long axis in that of the test, situated near the peristome and 
between it and the posterior margin. 

Dossil. Cretaceous: Cuba (?). Eocene: Europe, E. Africa, 
Asia. Tertiary : Jamaica. 

Genus Cxeatomus, Agassiz, 1840, Gat ah SysL Bctijp. Deli. Mas. 
Neoc. p. 7. Desor , 1842, in Agass. Monogr. d'Eeh. mv, etfoss. 
livr. 3, p. 35. Cotteau Triger , 1859, Bel, de la Sarike , 

pi. xxxi. figs. 15-19. 

Test small, depressed, ovoid or elliptical in tumid outline, 
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rather widest posteriorly, swollen dorsally, flat or pulvinate 
actinally, and may be subrostrated beliind. 

Apical system compact, with four basal plates well perforated; 
tbe madreporite large and extending backwards in the usual basal, 
separating the posterior lateral basals and touching the posterior 
radial plates which are in contact. 

Ambulacra moderately broad, straight, flush, widest at the 
ambitus, narrowing dorsally and less so at the peristome; plates 
primaries, low, broad, each with a pair of pores ; pairs of pores 
in simple straight series dorsally, continued to the peristome. 

Interradia with a moderate number of plates with small orna¬ 
mentation. 

Peristome central and oblique, the long diameter being between 
ambulacrum v. and inter rad ium 2, sunken. Periproct infra- 
marginal and marginal, triangular, with rounded angles. 

Fossil. Cretaceous : England, Europe, Africa. 

There may be some backward prolongation of the peristome in 
some species of Carat omits, and in M. Cotteau’s valuable memoir 
it appears that its long axis may be between amb. ii. and 
amb. iv. 

The next genus is not a satisfactory one, for some of the 
species are barely separable from Caratomus , and there is some 
doubt about the generic position of the 1ST.-African forms with 
semi-petaloid ambulacra. 

G-emis Pxgaulus, Agassiz, 1847, Catal. rais., Ami. d. Set. FFat. 
yoL vii, p. 158. JDesor, 1858, Synopsis, p. 251. Cotf., Feron 
Sf Gauth. 1876 and 1884, Ech. foss. de VAlger, new ed. of 
fasc. 2, p. 75. 

Test small, thick, tumid at the ovoid or elliptical ambitus, low 
and slightly convex dorsally, pulvinate actiually, subrostrated 
posteriorly. 

Apical system slightly excentric in front. 

Ambulacra narrows increasing in width to the ambitus and then 
diminishing; poriferous zones narrow; pairs of pores in simple 
series, and the shape of the pores of a pair may be different, 
and either circular or elongate transversely. 

Peristome elongate, more or less oblique, and sunken, and the 
pairs of pores are very slightly crowded at the margin. Periproct 
inframarginal and ovoid-elongate or marginal. 

Fossil. Cretaceous: Europe, N. Africa. 



172 


rilOF. P. M. DUNCAN’S KEVISTON OF THE 


Genus PmiNA, Des MouJins, 1883, Etudes sur les Em. p. 20. 
Agassiz, 1810, Cut ah Syst. Eciyp. Ech. Mus. Neoeom . p. 7. 
JJcsor, 1812, in Agass. Manage. d'Eeh, vie. et f ss. livr. 8, 
p. 25, De JLoriol, 1873, Ech. Ifele. Orel. p. 201, pi. LI; 
1888, Faune Orel. PoringEch. voh ii. fase. 2, p. 78, pi. xvi. 

Test small or moderate, ovoid, elongate, broader than high, 
tumid at the margins and swollen tibactinally, maybe pulvinate 
actinally. 

Apical system compact, with four basal plates, the two posterior 
radial plates close together; madreporite large, in the large right 
anterior basal plate, reaching back but only to the edge of the 
posterior basals which are in contact; four generative pores and 
no fifth basal plate, or complementary plates may exist behind a 
small madreporite. 

Ambulacra flush ; poriferous zones narrow, widely open at the 
ambitus, apart yet closing much actinally. Pairs of pores 
numerous, small, and separated by costa?, non-conjugated, in 
simple series dorsally, more or less in oblique triplets actinally ; 
plates primalies, low and broad, with demi-plates. Iutomidia 
broad. 

Peristome nearly or quite central, elongate-elliptical, slightly 
oblique, the long axis being between zone b of amb. iii. and zone 
a of amb. i. 

Ornamentation of both areas diffused and very equal, of sunken 
primary tubercles, crenulate aud perforate, with large and small 
rounded granules on the intermediate structure. 

Periproet pyriform, supermarginal, elongate, but remote from 
the apical system. 

Ms sit. Cretaceous : England. Cretaceous and Eocene: Eu¬ 
rope, Cretaceous: N. Africa. 

Subgenus Nucleopygus, (genus) Agassiz, 1810, Outal. Syst. 

Ectyp. Ech. Mus. JS r eoc . p. 7. Besov, 1842, in Agass. Monotjr . 

(VEcli. viv. etfoss. livr. 3, p. 32; Synopsis, 1858 , p. 188 a. 

Test small, circular or oblong in tumid marginal outline, de¬ 
pressed, swollen above, subpulvinate actinally. 

Apical system compact, with four basal plates and five radial 
plates all perforated, the posterior radials touch. 

Ambulacra apetalous, straight; pairs of pores in simple series. 

Peristome circular or elliptical, but with a decagonal outline. 
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Pcriproct large, superior, more or less remote from the apical 
system. 

Fossil Oolite and Cretaceous: Europe. 

It is an unsatisfactory genus, and probably will merge entirely 
into Bgrina. 

De Loriol, 1888, Eaiine Cret. du Portug., Ech. vol. Ii. fasc. 2, 
p. 80, describes Bgrina globose* ’, which is inseparable from tlie 
genus, and obviates the necessity of retaining the genus Qldbator , 
Agassiz, 1880. 

Genus Anorthopygus, Ootteau, 1859, Ech. de la Bar the , livr. 4, 
p. 177, pi. xxxi. figs. 1-9; 1808, Ech. Foss . ties Byron. 
p. 86. Be Loriol , 18SS, Faune Gref, du Boring ., Ech, vol. ii. 
fasc. 2, pi. xiii. 

Test of moderate size, more or less swollen above, low ; almost 
flat below ; sub pentagonal or circular in outline at the ambitus ; 
sometimes subeonieal and moderately high, and slightly trim- 
cated behind. 

Apical system central, compact, granular at the surface, with 
four basal plates and five radial plates. Madreporite large, in the 
right anterior basal, and separating the postero-lateral basals 
1 and 4, occupying the position also of the posterior basal, and 
separating the posterior radial plates. 

Ambulacra narrow, increasing in width to the ambitus, and 
then narrowing to the peristome. Poriferous zones simple, con¬ 
verging above, and pairs simply superposed. 

Peristome elliptical, longest transversely in an opening in a 
deep impression on the aetinal surface; branchial incisions small. 
No traces of jaws or a perignathic girdle. Periproct flush with 
the test, large, oblique, irregular, situated between the apex 
and the posterior margin. Tubercles of the areas small, perfo¬ 
rated, crenulate and scrobiculate. 

Fossil, Cretaceous (Cenomanian) : Europe. 


III. Subfamily 0 lig opgginm. 
Tests with very small periproctal openings. 

Genus Haimea. 

Oligopygus. 

The next genus is a very unsatisfactory one. 
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Genus Haxmea, Michelin , 1851, Bev. et Mag. cle Zool . p. 92. 

Test small, moderately high, tumid and slightly elongate. 
Apical system nearly central and with four generative pores. 

Ambulacra tumid, imperfectly petaloid, open, passing over the 
margin to the peristome; pores oblique. 

Peristome central, pentagonal, and without bourrelets. Peri- 
proct very small, oval, and placed nearer the peristome than the 
posterior margin. 

There is only one species to this genus, and the geological 
position is not known. In Michelin’s figure the form is not 
larger than a nut, it is truncated posteriorly, and swollen and 
subspherical; it appears to be a figure of a cast. 

Fossil. Distribution unknown. (Cretaceous P, Prance.) 

Genus Oligopyghs, Be Loriol , 1887, Bee. Zool. Suisse, t. iv. 
no. 3, p. 394. 

Test moderately large, thick, oval, elongate, depressed, tumid 
actinally. 

Apical system central or subcentral, compact, small, four 
perforated basals; madreporite central and extending to the 
posterior radials ; radial plates with very small pores. 

Ambulacra slightly differing in length, otherwise similar, 
almost flush, semi-petaloid, widely open. Poriferous zones broad; 
pores equal. 

Peristome central, elliptical, broader than long, in a concavity 
of the test; floscelle and jaws wanting. Periproct very small, 
circular, opening actinally between the peristome and posterior 
margin. Tubercles small, imperforate, scrobicules sunken. 

Fossil Tertiary: Plorida, N. America. 

IV. Subfamily Ea h i n o b r i s s in <e. 

Tests depressed, elongate, tumid. Ambulacra sub petaloid. 
Apical system and peristome excentric, the latter variable in 
shape, and with single interradial marginal plates j floscelle absent 
or rudimentary. Periproct supramarginal. 

Germs EcMnobrissus. 

Subgenus Dochnostoma , 

Oligopodia. 

Genus Anoehanus . 

Botriopygus . 
llanona. 
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Few genera of the Echinoidea have received more attention 
than Echinobrissus , Breynius, and Nucleolites, Lamarck. They 
have been most satisfactorily and candidly studied by Cotteau 
and A. Agassiz during late years, and have been united by the 
last-named author. He has shown that the singularly insufficient 
character which was supposed to separate the genera, namely, 
the presence or absence of grooving between the pores of a pair, 
may be seen in the same petal of a specimen of a species. 

The so-called conjugation of pores of a pair is of no physio¬ 
logical importance, and taken alone is of no classificatory value; 
but when it occurs with other characters it may assist to group 
sets of species together in a genus. The obliquity of the 
peristome is of greater importance, and, all other characters being 
the same, it is of subgeneric value; but if other characters of 
importance differ, the obliquity should be of generic value. But 
in Echinobrissus the obliquity is of subgeneric value, and relates 
to the forms which d’Orbigny, not very felicitously, called Tre- 
mafopyjns . 

The possibility of retaining the recent species in the genus is 
a matter of doubt, and as they have modifications of the pori¬ 
ferous zones below the petaloid portions, they should come under 
a subgenus Oligopodia . 

Genus Echinobrissus, Breynius, 1752, Schediasma de Echin . 
p. 62. Gray, 1825, Ann. Phil . p 7 ; 1855, Gat. Ech. Brit. 
Mas . p. 37. Milne-Edwards, 1830, Gamer's Reg. Anim. 
ed. iii. Desor, 1858, Synopsis, pp. 257, 263. Zittel, 1864, 
Mo vara Reise, Ross . Mol use. u. Ech. a. M. Zealand , p. 62. 
A. Agassiz, 1872-74, Revision of the Echini , pp. 555 & 557. 
Cotteau, 1884, Bull. Soc . Zool. France , vol. ix. p. 336. Dun¬ 
can, 1887, Quart. Jo urn. Geol. Soc. xliii. pp, 420 & 429. 
Bell, 1887, Ann. Sf Mag. Mat. Hist. ser. 5, vol. xx. p. 125. 

Syn. Mucleoliies, Lamarck, 1801; Agassiz, 1847, Cat. rais., 
Ann. des Sci. Hat. vii. p. 153. Trematopygus , d’Orbigny. 

Test rather thin, depressed, elongate, rounded in front, broadest 
and more or less truncated behind; or square, with the angles 
rounded; or subcircular; tumid above, concave aetinally. Abac- 
tinally grooved posteriorly. 

Apical system subcentral or excentric in front; four perfo¬ 
rated basal plates; madreporite in right anterior basal, or extend¬ 
ing into others, or separating the lateral basals of one side from 
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those of the other; usually the postoro-lateral radial plates are 
in contact; or complementary plates may separate the postero¬ 
lateral basals and radials. 

Ambulacra unequal, flush or slightly raised, open at the end 
of the subpetaloid parts; pairs of pores in simple series, more 
or less unequal in shape and size, the outer elongate ; below the 
subpet a] oid part the pores in small oblique pairs, conjugate or not. 

Peristome excentric in front, deeply seated, pentagonal, elon¬ 
gate or rarely circular, elliptical, transverse or oblique; without 
bourrelets, and with very rudimentary or absent phyllodes, and 
only slight doubling of pores. Periproct usually elongate longi¬ 
tudinally, may be transverse, .placed at the upper part of the 
posterior groove, which extends with variable lengths towards 
the apex; periproctal membrane with large plates near the edge. 
Tuberculation small, larger actinaliy. 

Fossil. Oolite: England,Europe, Asia. Cretaceous; England, 
Europe, Nh Africa, Asia. Eocene: Europe. Tertiary (late); 
Australia, 1ST. Zealand, Java. 

Sub genus Dochmostoma. 

Syn. Trematojn/ffus , (genus) d’Orb. 

Peristome oblique. 

Fossil. Cretaceous: Europe, N. America. 

Subgenus Oligopodia. 

Ambulacra! pores single below r the pctaloid part. 

Recent . Few Zealand, Madagascar, East Indian Islands. 

Cotteau has probably seen and examined more species of Evlti- 
noh'issus than any oilier paheontolegist, and as far back as 1871 
he gave an amended diagnosis of the genus in Pal. Praia;., Terr. 
Jura, ix. p. 283. He noticed the variability of the position, of the 
mad repo rite and of the periproct. Later, in 1881, the same 
careful observer (Bull. Soe. Zool. de Prance, p, 336) stated that, 
after a study of twenty-six species, he found that the madreporite 
in general touches the postero-lateral basal plates, and that 
sometimes it separates these plates, and it may even separate 
the postero-lateral radial plates; even complementary plates 
may separate the basal plates and the raclials, these structures 
not being seen in all individuals of the same species. The peri¬ 
proct varies in its position from touching the apical system to 
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anywhere between the apical system and the posterior margin of 
the test. 

These remarks dispose of the five genera or subgenera sug¬ 
gested by M. Pomel; M. Cotteau (op. cit. p. 886) writes that the 
characters depended upon for their separation are of specific 
value only. 

We shall have to recur to this decision, in which we fully 
concur, further on in noticing the forms referred to Semiaster. 

It is certain that the typical species of Pchinolrissus , as well 
as the recent forms, have no true fioscelle, and this condition is 
exemplified in 12. Meslei, Peron & Gauthier, from Algiers. But 
MM. Cotteau, Peron & Gauthier, and also M. Ooquand, admit 
species into the germs which have bourrelets and phyllodes, such 
as 22. Julieni, P. inceguiflos , 22. sitifensis , and others which are 
described in 4 Ech. foss. de V Algerie,’ fasc. 7 & S. These have 
well-developed phyllodes and all the characters of Gassiclulus, 
except the unimportant aetinal median bare band (see Ohm- 


Genus Ahochahus, Qrube , 1869, Momtsh, cl. h. preuss. Afcad, 
cl. Wiss. zu Berlin (1868), p. 178. 

Test small, resembling JShccleolites epigonus, Martens in shape, 
and in the position of the peristome and periproct; having no 
visible madreporite or basal plates; the dorsum occupied by a 
marsupium which does not lead iuto the cavity within the test, 
but which is surrounded by a raised rim of calcareous tissue, 
lined with soft parts which bend in from the outer derm, and are 
covered with peclicellarim and protected at the narrow external 
op ling by spines; larger pedicellariaa on the outside of the test. 
TM perfect young are found within the marsupium with spines 
on tnem. 

Recent. Probably China. 

Genus Boteiopygus, d'Orhigm/, 1855, Pal. Prang., Ech . terr. 
Cret. p. 884. Desor, 1858, Synopsis, p, 278, pi. xxxi. Be 
loriol , 1878, Pal. Suisse, Terr. Cret. pi. xvi. fig. 8; 1884, Bee. 
Zool Suisse , i. p. 615. 

Test small and moderate, elongate ovoid at the narrow, tumid, 
somewhat undulating margin, broader behind than anteriorly, 
* Oligopodia epigonus, Martens, sp. 
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and more or less truncated, low and arched dor sally, flat or con¬ 
cave actinally ; grooved or not posteriorly. 

Apical system excentric in front, small, and with four per¬ 
forated basal plates. 

Ambulacra flush, unequal, long, open, and subpetaloid, the 
pores unequal; zones broad. 

Peristome sunken, excentric in front, oblique, subpentagonal, 
with only slight doubling of pairs of pores, and no true floscelle. 
Periproct supramarginal, oval, elongate. Tubercles nearly equal 
in size throughout. 

Fossil Cretaceous; Europe, Asia (8. Hindustan), NT. Africa. 

Genus Ilaeiona, Dames, 1877, Palmntograpliica, n. F. i. (xxv.) 
p. 84. 

Test elongately oyal or oviform, subdepressed, more or loss 
convex above, flat or slightly convex below ; margins very thick 
or tumid. 

Apical system compact, excentric in front. 

Ambulacra petaloid; petals short, unequal, lancet-shaped, 
contracting and nearly closed. Poriferous zones equal; pores 
round or oval, conjugate. 

Peristome decagonal or sub decagonal, with a raised rim and 
special tubercles. Floscelle absent. Periproct elongately oval, 
on the upper part of the posterior vertical truncation of the 
test. 

Ornamentation very uniform; tubercles small, sunken in deep 
scrobicules, close; miliary granulation confluent and compact. 
A more or less bare band between the peristome and periproct. 

Fossil. Eocene: Europe, Asia (Sind). 

The peculiar and distinctive structure of the peristome was 
discovered and carefully pointed out by IV". Dames. He notices 
(Ech. cl. Yieent. u. Yeron. Tertiiir. p. 84, Pakxmtographiea ul 
supra) the outline is decagonal, which might be represented by 
an equilateral pentagon from which the angles had been abruptly 
truncated by short lines-—the long lines, corresponding with, the 
interradia, being granular, whilst the short lines, corresponding 
with the ambulacra, are smooth. At the junction of the long 
and short lines a small smooth tubercle is present, the peristome 
being therefore surrounded by ten of these protuberances. 
The margin of the aperture is raised, and extends far into the 
body-cavity. 
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Genera incertce sedis . 

Genus Desorella . 

Omclypeus. 

Genus Besgbella, Gottecm , 1862, Bev. ei Mag. de Zool. (pars) ; 
and 1867-74, Pal . Prang., Bch. terr* Para, is. p. 384. 

Test of moderate size, subcircular in undulating ambital out¬ 
line, subconieal dorsally, pulvinate actinally. 

Apical system absent, leaving a large scar; probably a large 
madreporite separated the posterior radial plates. 

Ambulacra with simple pairs of pores, not doubling near the 
peristome. 

Peristome subdecagonal, oblique or not, sunken. Periproct 
elongate, just supramarginal, large, pyriform, distant from the 
apical system. 

Fossil Oolite: Europe. 

This is now a very unsatisfactory genus, and it formerly in¬ 
cluded Pseudo desorella, which is a well-defined genus. It has 
been determined from casts of species. 

Genus Oyiclypetjs, Dames , 1877, PalmontograpMca , Cassel , Bd. 
xxv., Fell. Vicent . u, Veron. Tert. p. 44. 

Test large, with an oval tumid margin, subhemispherical dor- 
sally, slightly tumid actinally. 

Apical system slightly exeentric in front, small, with four 
genital pores. 

Ambulacra similar, with wide poriferous zones extending to 
the ambitus and furthest apart there, diverging regularly from 
the apex downwards, diminishing in the distance of their pores 
at the margin of the test, showing no tendency to close. Pores 
circular, becoming slit-shaped with distance from the apex, wide 
apart and probably with a wide intermediate groove, lasting to 
the narrowest part of the zone; eostse with close mifiaries. In¬ 
ter poriferous areas narrow, with numerous small, close primary 
tubercles, which are probably plain and serobiculate. Actinally 
ten grooves extend from the margin to the peristome, producing 
the appearance of five compound grooves, each groove is a pori¬ 
ferous zone; no doubling of the pairs is seen. 

Interradia tumid, wider than the ambulacra, crowded with 
similar small, serobiculate, primary tubercles, some hexagonal 

12 * 
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Peristome slightly excentric in front, deeply sunken, the in- 
terradial margins projecting and tumid. Periproct marginal, 
moderately large, elliptical, with a downward projection. 

Fossil. Eocene: Europe. 

II. Family C assidulidie. 

Cassiduloidea with very variably shaped tests; ambulacra 
petaloid, subpetaloid, or apetalous dorsally, and with crowded 
doubling of the pairs of pores close to the peristomial margin, 
forming with the single swollen and ornamented interradial peri¬ 
stomial plates 66 a floscelle.” 

This Family contains 27 types, and they may be grouped 
artificially around four genera. 

Alliance of Genus Oassidulus, 

Subgenus Rhynchopygus, 

Pygorhynchus. 

Genus Stigmatopygus. 

EcHnanthus. 

Subgenus Hardouinia. 

Genus Eurhodia. 

Paralampas. 

Alliance of Genus Catopygus. 

Subgenus Studeria, subgen. nov. 

Genus Neooatopygus. 

Phyllobrissus. 

Alliance of Genus Clypeus. 

Subgenus Clypeopygus. 

Genus Pygurus. 

Faujasia . 

Qalerodypeus. 

Psmdodesorella. 

Alliance of Genus Echinokmipas « 

Subgenus Milletia . 

Genus Phylloelypem * 

Conolampas. 

Plemlampas . 

Subgenus Oriolampas. 

Genus Palmiampas. 

Microlampas. 

Feolampas. 

A, Agassiz gives some very valuable notes upon the distinction 
of the genus Oassidulus, Link., and the genus Rbjnchopjgus, 
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d’Orb. He observes (Revision, p. 842) that Lamarck’s genus 
contained two types, C. lapis-cancri and C. earibbearum , with 
C. Marmini , the former being retained to represent the typical 
Cassidulids, and the others being associated with the genus 
Bhynchopygus by Desor and Liitken. He places, however, this 
last-mentioned genus as a subgenus. I consider that this is 
the correct view, and therefore the most beautiful and elaborate 
drawings of C. caribbearmn and other forms given by Loven, in 
his Etudes, figs. 61-67 & 180, 179, relate to the subgenus. 
Desor relied too much upon the taxonomic value of one of the 
structures of Cassiduhis , viz. the cribriform or smooth tubercle¬ 
less median actinal band, which has been shown by Loven to be 
unimportant, as it may be seen in the subgenus as well as in 
the type; or it may not exist (see also A. Agassiz, Revision, 
pi. xv. fig. 3). The only distinction is the lateral extension of 
the overhanging periproct of Bh/nchopygus. 

Genus Cxbstdvlvb^ LamarcI^lSOl^ Syst. Anim. sans Vert . p.348. 
Agassiz Sf Desor , 1847, Cat. raisAnn. Sci. Bat. vii. p. 157. 
Desor , 1858, Synopsis , p. 288. Liitken , 1868 (pub. 1864), 
Vid. Medd.f. Naturh. Boren . i Kjolenh. p. 126. A. Agassiz , 
1872-74, Bernion , p. 842. 

Syn. Trochalia , Pomel, 1883 —Asterobrmus, Be Loriol, 1888. 

Test small, oblong, depressed, broadest posteriorly, longer 
than broad, broader than high, convex ahactinally, fiat actinally. 

Apical system excentric in front or suhcentral; four perforated 
basal plates ; the madreporite passing back and separating the 
postero-lateral basals, but not the radial plates. 

Ambulacra subsimilar, short, flush, subpetaioid, not closing; 
pores continned from the petaloid part to the fioscelle, which is 
well developed. Tentacles both simple and branchial (hetero- 
podous). 

Peristome excentric in front, the bonrrelets narrow and strong, 
the phyllodes in grooves. One peristomial plate to each inter¬ 
radium, Usually a median band behind the peristome where 
there are no tubercles, and where the test is either cribriform, 
pitted, or plain, or it may be absent. The periproct supramar¬ 
ginal, at the commencement of a groove, elongate longitudinally. 
Tubercles small and very close ahactinally, large and distant 
actinally, except on the median area posteriorly. 
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Fossil, Cretaceous: Europe, Asia, 1ST. Africa, W. Africa, and 
N. America. Eocene: Europe, Asia, 1ST. America. 

Subgenus Bhynchopygxts, cVOrligny , 1855 (genus), Pr/X Frang., 
Terr . Cret. vi. p. 324. A. Agassiz , 1872-4, Revision, 
pp. 342, 553. 

Cassidulids having a test with a rostrum overhanging a trans¬ 
versely elongate supramarginal periproct. 

Fossil. Cretaceous: Europe. Eocene: Europe, Africa, Asia. 
Late Tertiary: Guadeloupe, W. Indies. 

Beceni. Caribbean Sea, Panama, California, Galapagos. 

Subgenus Pygorhynchtjs, Agassiz, 1839, Ecliin. foss . Suisse, 
p. 53. 

Syn. Gyrtoma , McClelland, 1840. 

Test moderate in size, tumid abactinally, concave actinally. 
Petals long. 

Peristome longest transversely, with a well-developed floscelle. 
Periproct supramarginal and transverse. A more or less bare 
median band in the posterior interradium actinally. 

Fossil. Cretaceous: Europe, Asia. Eocene: Europe. Mio¬ 
cene : Europe, America, Australia. 

Genus Stxgmatopygxts, cTOrbigny , 1855, Fal. Franc., Terr. Gref. 
vi. p. 381. Desor , 1858, Synopsis, p. 296. Stoliczlcii , 1873, 
Cret . Fauna S. India , Mem. Geol Surv. IndFal. Ind. 
ser. viii. vol. iv. pt. 3, p. 27. 

Test o£ moderate size, ovate in marginal outline, subhemi- 
spherical, flat actinally. 

Apical system subecntral, with four basal plates, the .madre- 
porite in the largest, the right anterior; the basal plates perforated 
by genital ducts except the right anterior. 

Ambulacra petaloid, narrow, moderate in length, none reaching 
the margin, unequal, narrowed distally, the anterior the longest. 

Interradia finely granular actinally, with coarse mmnillated 
tubercles most numerous at the floscelle, large and finely tuber- 
culated abactinally. 

Peristome slightly depressed, large, subpentagonal; floscelle 
greatly developed, the bourrelets long and tumid, and projecting 
into the peristome, and the amhulacral lips angular, large, and 
projecting inwards, the phyllode being on either side of them. 
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The periproet is narrow bottle-shaped at the upper part, in a long, 
narrow, posterior groove, which is shallowest and broadest just 
above a tongue-shaped slope at the margin of the test; irregular 
minute grooves on the sides of the groove. Spines small, closely, 
longitudinally striated. 

Fossil. Cretaceous: Europe, Asia (S. Hindustan), ¥. Africa. 

G-enus EcHiNAKTTnus, Breynius, 1732, Schecl cle Fellinis , p. 53 
(pars). Desor, Synopsis, 1858, p. 291. (See p. 149 of this 
Bevision.) 

Syn. Farapygus , Pomel, 1883. 

Test moderate and small, thin, ovoid and broadest posteriorly 
at the tumid undulating margin, low, convex above, concave 
actinaliy. 

Apical system with four perforated basal plates ; madreporite 
small, slightly excentric in front, but separating the postero¬ 
lateral basals and also the radials. 

Ambulacra unequal, petaloid, varying in the amount of closure, 
usually short, but may be long, continued simply over the margin, 
and developing into phyllodea at the peristome ; the poriferous 
zones may be unequal. Interradia well developed. 

Peristome excentric in front, less so than the apical system; a 
pentagonal floscelle well developed, and the bourrelets especially. 
Periproet oval, marginal or supramarginal, placed at the top of a 
more or less developed groove. Ornamentation of very small 
tubercles and granules, close, largest actinaliy. 

Fossil . Cretaceous: Europe. Eocene: Europe, Asia, Africa 
(Egypt). 

Fchinanthus Mortonis, Mich, sp., is the Hardoninia Mortoni 
of Haime; I agree with Desor (Synopsis, p. 295) in not recog¬ 
nizing Haime’s genus ; but I consider it is a good subgenus. 

Subgenus Habdouinia, JI Haime, 1853, d'Archiac Sf Haime , 
Anim* foss. de VJLnde , p. 214. 

Test conical, as broad as long. Petals broad, pointed, reaching 
rather more than halfway to the margin. 

Peristome nearly central, with a very well-developed floscelle. 
Periproet large, midway between the margin and the summit, in 
a groove. 

Fossil Eocene: Europe. Tertiary: Mississippi, TJ.S. America. 
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G-enus Etjbhodia, d-ArcMac Same , 1853, Anim. foss . de 

rinde , p. 214 • Duncan $ Sladen , 1881, JaZ. -E*& ser. xiv., 
JW. JfcA W. Sincl, p. 69. 

The test is large, stout, elongate, oval, truncated posteriorly, 
broad in front, depressed, slightly rounded abactinally, slightly 
concave actinally, and tumid at the ambitus. 

Apical system small, excentric in front; four perforated basal 
plates; madreporite central 

Ambulacra forming a small abactinal rosette, they are small, 
unequal, the anterior not petaloid, and more open than the others ; 
pores of pairs unequal 

Peristome large, excentric in front, elongate longitudinally, 
pentagonal; floscelle highly developed, especially the bourrelets, 
a pitted median actinal surface. Periproct elongated trans¬ 
versely, supramarginal, in a shallow basal groove, which becomes 
shallow posteriorly, and is surmounted by a rounded roof. 

Fossil Eocene: Asia (W. Sind). 


Genus Paealampas, Duncan Sf Sladen , 1882, Pal Incl ser. xiv., 
Foss. Fch. W. Sind , p. 72. 

Test small, high, even hemispherical, longer than broad, tumid 
above, especially posteriorly, the margin tumid, suboval, and 
may be overhung by the wider test above ; the posterior part of 
the test precipitous and with a rostrum high up and overhanging 
the periproct ; actinal surface concave. 

Apical system slightly excentric in front 5 four perforated basal 
plates; the madreporite in the right anterior and passing centrally, 
and separating the basals on either side. 

Ambulacra petaloid, short, subequal, or the anterior the larger 
and longest and well developed ; poriferous zones with oblique 
and circular pores. Interradia very narrow at the apical system. 

Peristome pentagonal, more or less excentric in front, slightly 
wider than long; floscelle well developed, with wall-like bourrelets, 
Periproct suboval, elliptical, broad, placed high, supramarginal, 
with a defined groove below it. 

Tubercles small, uniform, crowded, equidistant, sunken in 
serobicules, most widely spaced actinally. 

Fossil Eocene ; Asia (W. Sind). 
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Genus 0 atopy gus, Agassiz, 1836, Prodr . Pune 1lonogr. des 
Badiaires, p. 185 ; 1847, Gat. BaisAtm. Sci. Wat. vol. vii. 
p. 157. Qotteau <Sf Trigger , 1839, Eck. de la Ear the, p. 184 
JDesor , 1858, Synopsis , p. 282. Laube , 1869, Sitzimgsb . 

Ahad. Wiss . Wien, vol. lix. Ed. 1, p. 190. Studer , 1880, 
Monatsb . A 7c. preuss. Ahad. zu Berlin , p. 861. A. Agassiz , 
1881, c Challenger 5 Beport , p. 123. Duncan , 1887, Quart. 
Journ. Geol. Soc . vol. xliii. p. 420. 

Syn. Oolopygus , d’Orb. 

Small and mo derate-sized Urchins, often cylindroid, longer than 
broad, rather low, tumid in front, rather keeled on the hinder 
part of the abaetinal surface, truncated vertically posteriorly, 
where the periproct is high up, usually at the end of a groove and 
below the end of the keel. Actinally the test is rather swollen. 
Peristome excentric in front, pentagonal, elongate longitudinally, 
with phyllodes and bourrelets. 

Apical system excentric in front; four perforated basal plates, 
the fifth absent; madreporite large, separating the posterior 
basal plates ; radial plates small. 

Ambulacra narrow, subpetaloid, nearly flush, continuous, with 
a pair of round pores in each plate as far as the peristome. 
Pores unequal; the outer of a pair more or less elongate. 
Granulation very close. 

Dossil. Cretaceous: England, Europe, Asia. 

I consider that certain Tertiary forms as well as some recent 
species which have been associated with this well-marked genus 
should come within the sub genus Studeria. 

A. Agassiz described and figured Catopygus recens , which was 
dredged by the 4 Challenger * (Eeport on the 4 Challenger ’ Echini, 
1881, p. 123); and Studer described C. Loveni from the seas to 
the south of the Cape of Good Hope, in the description of the 
4 Gazelle 5 Echinoidea, 1880. Both depart from the Cretaceous 
type; and A. Agassiz notices the uniporous condition of the 
ambulacra below the petaloid part, as well as the elongate nature 
of the outer pores of the pairs within it. 

Subgenus Studeeia. 

The test is the same as that of Gatopygus in shape, peristome, 
and periproct; but the ambulacra have only one pore in each 
plate in a poriferous zone below the subpetaloid portions. 
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Fossil . Australian Tertiaries {Studeria (Oatopygus) elegam , 
Laube, sp.). 

Recent Australian seas, south of Cape of Good Hope, East 
Indian Areliip elago 

The Eocene representative of the Cretaceous Cafopggi found 
in W* Sind is a very striking form, leading from the Cretaceous 
type to the recent forms classified under Studeria. The shape 
of the test, the small dorsal ambulacra! rosette, the single series 
of extrapetalous pores, the character of the floscelle, and the 
low position of the pcriproct distinguish the species, and require 
the definition of a new and closely allied genus. 


Genus Keocatopygtjs, DuncanSf Sladen , 1882, Fat 2nd. ser. xiv., 
Foss* Fell. W. Sind , p. 76. 

Test of moderate size, tumid and high, subrotund marginally, 
greatest height exeentric posteriorly. Abactinal area convex; 
sides tumid, high; actinal surface convex, posterior extremity 
subrostrate and prominent. 

Apical system exeentric slightly in front, small, compact; four 
basals, all perforated for the genital ducts; madreporite large in 
the right anterior basal, and extending so as to separate the other 
basals. 

Ambulacra petaloid; petals short and subequal, open at the 
extremity; pores unequal; extrapetalous pores single. Floscelle 
well developed; phyllodes with an inner series of supplemental 
pores. 

Peristome small, pentagonal, exeentric in front, bourrelets 
forming an ornamented wall-like rim. Periproct small, subcir¬ 
cular or oval, low, supramarginal, placed at the extremity of the 
posterior rostration. Sub anal area tumid and rostrated, faintly 
grooved. 

Tubercles small, perforate and crenulato, sunken in deep scro- 
bicules. Actinal ornamentation the coarsest. 

Fossil Eocene; Asia (W. Sind). 

* The genus Oolopygus , d’Orbigny, 1856, only differs from Oatopygus in the 
unimportant matter of the pores of the pairs not having a groove between them, 
This defect has no physiological bearing; and indeed it is doubtful whether all 
the pairs of every specimen of a species of Cutopygm are united by a groove, 
Oolopygus of the Upper Chalk is a synonym of Caiopygm, 
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Genus Phtllqbrissxis, Ootteau, 1857-58, Fehfoss . de V Tonne , 
yol. ii. p, 81. De Loriol , 1861, Anim. invert . deMont Saleve, 
p. 165; 1878, Bch Uch., Terr . Gret.j). 288, pis. xviii., sis. 
Cotteau, Pero» Sf Gauthier , 1879, Fell. Foss, de V Algeria , 
fasc. 5, p. 157. 

Syn. Anthobrissus , Pomel. 

Test of moderate size, oblong, subcircular and rounded ratter 
high in front, sub truncated posteriorly, swollen above, and 
almost flat actinally. Summit subcentral. 

Apical system compact, with four perforated basal plates and 
five perforated radial plates. 

Ambulacra petaloid, with narrow poriferous zones; inner 
pores round; outer pores elongate; zones more or less open. 

Peristome slightly exeentric in front, flush, pentagonal or may 
be oblique, with phyllodes and hourrelets. Periproct on the 
posterior surface at the top of a groove, variable in height, with 
keeled edges; it becomes narrower, and diminishes at the pos¬ 
terior edge. Tubercles small, scrobiculate, homogeneous, large 
around the peristome. 

Fossil. Lower Cretaceous: England, Europe, 17. Africa. 
Jurassic: Europe. 

Genus Cltpeus, Klein, 1734, Nat. Disp. Fchin. Agassiz S{ Desor, 
1847, Gat. Bais., Ann. d. Sci. Nat. vol. vii. p. 156. Desor , 
1858, Synopsis, p. 275. Wright, 1859, Pal, Soe. Monogr 
Brit. Foss. Fch. Ool. Form. p. 860. 

Test rather thick, large, circular or somewhat pentagonal in 
wavy marginal contour, more or less truncated behind, low, dis- 
coidal, or slightly tumid dorsally, nearly flat actinally. 

Apical system small, exeentric posteriorly, or rarely central, 
with four triangular perforated basal plates, and a large madre- 
porite which occupies the centre of the system, separating the 
postero-lateral basals and touching the posterior pair of radial 
plates, which are separated by long, narrow, interradial plates. 

Ambulacra wide, petaloid, not closing abactinally, narrow at the 
ambitus and actinally. Poriferous zones widening rapidly dor- 
sally, and becoming equal in width (or more) to the very equally 
wide interporiferous areas, then diminishing in width and becoming 
very narrow, until midway between tbe ambitus and the peristome, 
where the pairs are arranged in very oblique triplets forming a 
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rudimentary phyllocle. Pairs of pores in the petaloicl parts, with 
the inner pore small and circular, the outer elongate transversely 
and in a decided long groove; pairs close, in simple low broad 
plates, and the eostse granular. 

Xnterradia with broad, bent, low plates, much higher than 
any of the ambulacral plates, with a very delicate small tuber- 
culation, largest actinally; tubercles scrobiculate, with a low 
broad boss and small simple mamelon; intermediate granulation 
rough. 

Peristome sub central or exeentric in front, pentagonal, with 
narrow tumid granular or minutely tuberculated bourrelets and 
narrow 7 phyllodes in grooves. Periproct in a groove along the 
median line of the posterior interradium, supramarginal, high up ; 
the length of the groove variable, or the opening may be almost 
flush with the rest of the test. 

Fossil. Oolite: England, Europe. 

Subgenus Ceypeopygus, d'Orbigny (genus), 1856, Pal. Frang., 
Echin. Terr. Gref. vol. vi. p. 418. Besor , 1858, Synopsis, 
p. 273 (genus). 

Clypei with the apical system exeentric in front, and narrow 
poriferous zones. 

Fossil. Oolite : England, Europe. Cretaceous: Europe. 

Genus Px gurus, Agassiz, 1889, lick Foss, cle la Suisse, p. G8; 
1847, Cat. Beds, des Ech., Amu d. Set. Nat. vol. vii. p. 161. 
Cotteau Sf Triger , 1859, Ech. de la Sart he, p. 65, p.L xiii. 
Besor, 1858, Synopsis, p. 809. Be Loriol , 1SS8, Menu Soc . 
d. Phys. et Hist. Nat. Geneve, vol. xxx. no. 2, p. 102. 

Test large, discoid, angular or undulating in marginal contour 
or not, and may be emarginate; depressed, subcorneal, or rather 
tall and conical dorsally, enlarged and rostrated behind; ambulacra 
grooved actinally, and the surface otherwise flat or tumid there. 

Apical system central or exeentric in front, small, with four or 
five basal plates, disunited, four with ducts; madreporite extending 
from the right anterior to the centre of the system; radial plates 
five, small, between the basals, and reaching the madreporite. 

Ambulacra flush dorsally, unequal, long, the lanceolate, open 
petaloid parts reaching far to the ambitus, and tend to, but do 
not close, continued as narrow lines of pairs of small pores over 
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the margin and then placed in the deep smooth grooves, ex- 
panding and doubling into large and highly-ornamented phyllodes 
at the peristome. 

Peristome excentric in front, pentagonal, with a highly-deve¬ 
loped floscelle. Periproct inframarginal, in a special area, close 
to the posterior edge of the test, pyriform or ovoid and longitu¬ 
dinal, transverse rarely. Ornamentation small, largest actinally, 
except in the grooves. 

Interradia greatly reduced near the apical system, usually with 
an undulating surface. 

Fossil. Oolite: England, Europe. Cretaceous: Europe, N. 
Africa, W. Africa, IN’. America ? 


Genus Eaujasxa, cVOrbigny , 1S55, Pal. Prang., Echin . Terr. Orel. 
vol. vi. p. 314. Desor , 1858, Synopsis, p. 316. 

Test of moderate size, circular or oval in marginal outline, 
very convex or conical abactinally ; summit slightly excentric in 
front, rounded or acuminate ; sub rostrated posteriorly. 

Apical system upon the summit, with four perforated basals. 

Ambulacra equal, similar, hush, petaloid 9 hut open distally, very 
short; petals barely reaching halfway to the margin ; inner pores 
circular, outer elongate. Aetinal surface flat. 

Peristome flush, subcentral, pentagonal, with a distinct 
floscelle. Periproct small, transverse, inframarginal. Ornamen¬ 
tation very small, largest actinally. 

Fossil. Cretaceous: Europe and 1ST. America. 

Genus Galeeoclypeus, Oottean , 1873, Pal. Frang ., Terr . Jura, 
vol. ix. p. 360. 

Test variable in size, subcircular in marginal outline, trnnicl 
and subconieal dorsally, subrostated posteriorly, and strongly pul- 
vinate actinally. 

Apical system at the summit, sub central or slightly posterior, 
compact, the large maclreporite irregularly produced centrally. 

Ambulacra similar, narrow, widest at the ambitus, inner pores 
round, the outer slightly elongate as far as the ambitus, and then 
equal, round, oblique, and separated by a nodule. Tubercles 
small, wide apart, perforate, crenulate, and scrobiculate. 

Peristome subpentagonal, sometimes oblique, slightly excentric 
in front, in a deep depression ; interradial margins produced and 
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the ambulacra! edges sunken, with a rudimentary floseelle. Peri- 
pro ct on the upper surface, in a groove commencing far from the 
apical system, 

Fossil, Oolite: Europe. 

Genus Pseudobesobella., Etallon , 1858-9, Etui. Pal. Plant. 
Jura , pt. 2, p. 15. Desor Be Loriol , 1868-72, Ech. Ilelvet . 
p. 308. 

Test moderate, oval, "broader than long, depressed. 

Apical system small, subcentral, slightly posterior, compact, 
with four perforated basal plates and five perforated radial plates ; 
the madreporite extending backwards and touching the united 
posterior radial plates. 

Ambulacra slightly petaloid, open, the poriferous zone narrow, 
with the pairs above the tumid ambitus having an inner round 
and an outer and somewhat elongate series, flush, continued as 
round pores in pairs to the peristome. Tubercles numerous, 
distant, perforated and with scrohicules. 

Peristome nearly central, pentagonal, rather elongate, with a 
moderate or absent floseelle. Periproct high up in a small short 
groove, which touches the posterior radial plates, and enlarges 
posteriorly. 

Fossil. Oolite; England, Europe. 

In the species of the genus Fehinolampas, Gray, 1825, there is 
great variability of shape, size, and arrangement of the unequal 
poriferous zones; but I cannot see the propriety of receiving 
species into the genus which have equal poriferous zones. The 
genus is a very large and natural one if it is properly restricted. 


Genus Echihohampas, Gray, 1825, Ann. Phil. p. 7; 1855, Gat. 

Felt. Brit. Mm. pt. i. p. 34. Besor , 1858, Synopsis, p. 300. 

A. Ayassk, 1872-4, Revision, pp. 335, 551. 

Test variable in size, more or less ovoid or circular at the tumid 
marginal outline; very variable in shape; moderate in height, 
tumid and vaulted above, very tall and conical or hemispherical, 
depressed and more or less discoid. 

Apical system excentric in front, rarely subcentral, small, with 
four perforated basal plates; the madreporite large, in the right 
anterior basal, and extending into the centre of the system, and 
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separating the postero-lateral basal plates; the radial plates small, 
the posterior pair separated by the madreporite. 

Ambulacra narrow or broad, petaloid to varying distances 
from the margin; the pores o£ a pair differing in shape, conju¬ 
gate, the pairs separated by ornamented eostse; some poriferous 
zones unequal in length to their fellows, tending more or less to 
close or not. Beyond the petaloid parts the pores are in single 
series and small, until the peristome is reached, where they 
develop a feeble phyllode. Interambulacra large, with higher 
and fewer plates than the ambulacra. 

Peristome slightly excentric in front, or subcentral, or central, 
pentagonal, with feeble bourrelets and phyllodes, Periproct 
elliptical, transverse, inframarginal, close to the posterior edge of 
the test. Tubercles of both areas very equal, small, very uniform, 
in sunken scrobicules, with miliaries. Spines small, short, forming 
tufts near the peristome. 

Fossil. Eocene : Europe, Asia, Africa, W. Indies. Oligocene: 
Asia. Miocene : Asia, Australia, Europe, "W. Indies. 

Eecent . Bed Sea, Moluccas, East-Indiau Islands, Australia, 
Cape of Good Hope, Senegal, Caribbean Sea. 

Subgenus Milletia. 

Peristome pentagonal, elongate longitudinally, barely sunken. 
Periproct irregularly circular in outline, close to the posterior 
edge, and somewhat oblique yet inframarginal. 

Ambulacra broad, unequal, very open ; poriferous zones nearly 
equal. 

The type is Echinolampas {Milletia) elegantulus , Millet, 1854, 
Pah de Maine-efc-Loire, p. 178, redescribed by Cotteau, 1888, 
Bull. Soc. Zool. de Prance, vol. viii. p. 458, pi. xv. figs. 6-8. 

Fossil . Europe P 

In consequence of Zittel’s discovery of the jaws of Gonoclgpeus , 
it became necessary for A. Agassiz to take his species (7. Sigslei 
out of that genus and to establish one which would include 
it. This led to the description of the genus Conolampas , A. 
Agass,, 1883. De Loriol found that some forms which had been 
considered to belong to Conoclypeus , but which he showed had 
neither perignathic girdle nor jaws, had. a decided phyllode at 
the peristomial margin of each ambulacrum. For these forms 
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De Loriol established the genus Phylloclypeus in Mem. Soc. cle 
Phys. et d’liist. Nat. de Geneve, 1880, yoL xxvii. p. 79. 

The question arises, "What is the difference between Gono - 
lamjpas , Agass., and Phylloclypeus, De Loriol ? I cannot see 
that there is much structural difference of physiological import¬ 
ance between them. The question is complicated by Be Loriol’s 
decision that G. Sigslei, A. Agass., “ est certainement un FcMm - 
Jampas” Cat.Kais. des Ech. rec. al’Ile Maurice,Mem. Soc. Phys. 
et Hist, Nat. de Geneve, yoL xxviii. p. 44 (1883). My study of 
the great series of Fcldnolampas in the Terfciaries of W. Sind 
dearly decides in my mind the classificatory importance of the 
unequal poriferous zones in the same ambulacrum; and I cannot 
admit in the typical genus Fcldnolampas forms with equal, long 
or short ambulacra! zones. I demur, therefore, to the opinion 
of my friend, that Gonolampas is an Eehinolampad. I am 
content to believe that the two genera will come within the same 
alliance as Palceolampas , Bell, and Microlampas , Cotteau. 

Genus Phylioclypeus, Be Loriol> 1880, op. cit. p. 79. 

Syn. ? Glypeolampas , Pomel, 186S,jWa Pomel. 

Test large, Conoelypeoid in shape and structure, except that 
there is neither a perignathic girdle nor jaws present. On the 
other hand, the floscelle is well developed and there are accessory 
plates in the phyllodes. Periproct oval, longitudinal, sub- 
marginal. 

Fossil. Upper Cretaceous, fide Cotteau: Europe. Eocene: 
Europe, Africa, Asia. 

Genus Coyqlampas, A . Agassiz , 1883, ‘ Blake 5 Fch., Mem. Mm. 
Comp. Zool. Saw. vol. x. no. 1, p. 48, and 1888, vol. xv. p. 99 
(non Gonolampas, Pomel, 1883). 

Syn. Conoclypeus, A. Ag. (non auct.), 1878, Bull Mm Comp. 
Zool. no. 9, p. 190, pis. 1 , 2. 

Test large, taller than broad, hemispherical above the almost 
circular margin; flat actinally. 

Apical system small, projecting at the centrally placed apex; 
button-shaped $ four basal plates perforated; the madreporite in 
the right anterior basal, and extending into the centre of the 
system, and separating the basals; five radial plates, small, 
and the postero-lateral in contact with the madreporite and 
separated by it. 
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Ambulacra narrow, similar, equal, straight, flush, widely open 
to the ambitus, the parts of the poriferous zones with paired pores 
widening and then diminishing to a point; pores beyond termi¬ 
nating much before the margin of the test is reached, in single 
series; close to the peristome there is some doubling of pores 
and a small phyllode. Ambulacral plates numerous, low, broad 
primaries. 

Interradia large, with much fewer and taller plates than the 
ambulacra. Tubercles of both areas similar, very small, per¬ 
forate, crenulate, sunken in scrobicules, a miliary structure 
between the scrobicules. 

Peristome small, central, pentagonal, wider than long; phyl- 
lodes nearly crowded out by bourrelets. Perignathie girdle re¬ 
duced to small knobs upon the interradia; jaws absent. Peri- 
proct inframarginal, small, elliptical, transverse, close to the 
posterior edge; with three large plates and some small ones. 
Spines short, slender, cylindrical, tapering. 

Decent. Caribbean Sea, 76-400 fathoms. 

The resemblance of the degraded perignathie girdle to that of 
Bchinoco?tus is very suggestive. 

Grenus Plesxolampas, Duncan Sf Sladen , 1882, Dal. Did . ser. xiv., 
Foss . Fch. IF. Sind , pp. 9, 54, pis. i,, xiii.-xv. (non Plesio- 
lampas, Domel, 1883, Thdses } p. 62). 

The test is moderate in size, variable in shape, ovoid, elongate, 
or polygonal, depressed, tumid at the margins and dorsum, con¬ 
cave around the actinally placed peristome. 

Apical system excentric in front, with four basal plates, per¬ 
forated and united; madreporite in the right anterior, and ex¬ 
tending into the others centrally, large and separating the 
posterior lateral radial plates slightly. 

Ambulacra subpetaloid, widely open at the distal extremity; 
poriferous zones subequal, almost straight; pores round, the 
outer sometimes elongate. Poriferous zones continued on the 
actinal surface as single pores ; a rudimentary phyllode. 

Interradia large and broad in comparison with the ambulacra; 
tubercles numerous, small, mamillated, imperforate, and non- 
crenulated, in deep scrobicules ; miliaries numerous. 

Peristome central, subcentral, or excentric in front, sub” 
pentagonal or oval-elliptical, transversely elongate, with a very 
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rudimentary floscelle. Periproct moderately large* inframarginal, 
elongate oral* placed longitudinally. 

Fossil. Eocene: Asia (Sind), Probably Pal&opneusies conicus, 
Dames, 1877, of the Vicentin Eocene, belongs here. 

Subgenus Obiqlampas, Munier-Cbalmas, 1882 (genus), Bull. 
Soc. Qeol. de France , ser. 3, vol. x. p. 386. Cotteau (genus), 
1887, Pal. Fran?., Ech. irreg. Terr. Focene , p. 499. 
Plesiolampas with crenulate and perforate tubercles. 

Fossil. Eocene: Europe. 

Genus Pal 2 eolampas, J. Bell } 1880, Proc. Zool. Soc. p. 43. 

Syn. Glypeolampas , Pomel *. 

Test moderate, thick, irregularly ovoid in tumid marginal out¬ 
line, subeonical and depressed dorsally, rather flat at the slightly 
precentral apex, slightly tumid actinally. 

Apical system with four basal plates fused and the large 
madreporite central, four pores; radial plates small, and the 
pores variable in size. 

Ambulacra rather broad, open, the pores remaining paired as 
far as the ambitus, the outer row of pores of each series of pairs 
continued over the ambitus to the peristome; a tendency to 
shortening of one of the paired poriferous zones only slightly 
indicated in the antero-lateral ambulacra. Ambulacra widest at 
the end of the double series of pores. 

. Interradia large, closely ornamented, and the interporiferous 
areas also with similar small primary tubercles. 

* M. Pomel does not give any references in his work, Theses, 1883, p. Gf>, 
and in the instance of bis genus Glypeolampas merely states:— Glypeolampm , 
Pomel, 1868 (. Phyllodypeus , Do Loriol, 1880).” Search has boon made in vain 
for any such genus published in 1868 by M. Pomel, and it is necessary there¬ 
fore to take the diagnosis given in the page just mentioned. Careful study of 
this diagnosis proves that it will include many Echinolampads, Comlampas 
(Pomel, as well as the different genus of A. Agassiz), Hyp&odypcus, Pomel, 
Plesiolampas, Pomel (non Duncan and Sladen), and Palmlampas , Boll, Its 
author was not aware of its being an edentate genus, because that was made out 
for all forms with phyllodes by De Loriol, and therefore this insufficiently- 
defined genus does not include Phyllodypeus, De Loriol. 

M. Cotteau has lately published Glypeolampas Lesteli, Gott, 1887, Bull. Soc. 
G4 gL de France, s6r, 3, voh xv. p. 662. Humbert’s drawings of it show that it 
is a Pdmhmpas, Bell, with larger primary tubercles in the abactinal plates, 
Wig genus cannot stand. 
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Peristome slightly excentrie in front, small, pentagonal, broader 
than long, with bourrelets and phyllodes feebly but definitely 
developed. Periproct elongated transversely, submarginal. 

Fossil Upper Cretaceous: France. Tertiary: Europe*. 

Genus Micbolampas, Cottecw , 1887, Bull Sloe. Zool de France , 
p. 687, pi. x. figs. 10-18. 

Test small, circular, tumid, subcorneal dorsally, flat, subpulvi- 
nate actinally. 

Apical system central, the madreporite projecting centrally, 
with small radial plates. 

Ambulacra becoming wider towards the ambitus, subpetaloid, 
open at their ambital extremity ; poriferous zones composed of 
small unequal pores, appearing to be united by a groove, the 
outer pairs more elongate than the inner. At a considerable 
distance from the margin of the test the pairs cease, and a single 
row of pores is continued to the peristome. 

Interradia more or less keeled close to the apex, the orna¬ 
mentation similar to that of the ambulacra, not abundant, of 
small crenulate and perforate primary tubercles, largest at the 
ambitus and actinally. 

Peristome deeply seated, pentagonal, with a slight floscelle. 
Periproct rounded in outline, flush, inframarginal. 

Fossil Eocene: Europe. 

There is but one species, and it is small, but the affinities with 
Pal&olampas and Conolampas are interesting. 

Genus Meolampas, A. Apassiz, 1889, Bull Mas. Comp, Zool i. 
p. 271; 1872-4, Revision of Fchini, p. 840. Wyville 
Thomson , 1874, Phil Trans, vol. clxiv. p. 745. 

Test small, thin, depressed, pyriform, arched above, truncated 
obliquely behind and rostrated, concave actinally. 

Apical system in front of the highest point of the test, with 
four basal plates, three of which are perforated, and the madre- 
porite is in the right anterior, and separating the basals 1 and 4 
more'or less. 

* M. Pomel, 1883, Theses, p. 62, has mistaken the meaning of Palceolampas^ 
which he considers to be a subgenus of Echinohmpas. He places in it Echino- 
lampas Eellei, VaL ; but this recent form has ambulacra differing from those of 
Palmbmpas, and it is a true Echinolamms. 

18* 
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Ambulacra flush, apetalous; poriferous zones uniporous; pores 
in small plates near the peristome and crowded there, producing 
rudimentary phyllodes between slight bourrelots. 

Peristome beneath the apical system, and slightly in front of 
the centre, depressed, indistinctly pentagonal Posterior Inter- 
radium slightly ridged and sinking gradually to the depressed 
truncation, which is occupied by the large marginal poriproct, 
which is oval and plated with scales; an anal tube may exist. 

Interradial plates large. Tubercles small and numerous, 
largest actinally, many on the bourrelets. Spines straight, not 
long, slender, smallest with a tip of pointed tubercles. Pedicel- 
lari® long and short, tridactyle, mostly blunt. Spheridia largo, 
numerous, naked. 

Recent, Mouth of English Channel, and Caribbean Sea, 230- 
COO fathoms. 


III. Family Collyritid m. 

Exocyclic nodostomes with apical systems disconnected and 
either elongate or subcompact. Ambulacra similar; bivium 
widely separated from the trivimn ; floscelle absent. 

Genus Collyrites . 

Bysaster, 

Hyboclypeus. 

Infraclypeus. 

Grasia, 

Genus Collyrites, Des Moulins, 1835, Etudes s. les Eehin, 
p. 46. loven, 1874, Etudes , figs. 55-60, 98,180, 

Syn. Disaster, Agass. (pars). 

Test moderate and rather large, ovoid, oblong or cordiform in 
marginal outline, tumid, moderately high abactinally, depressed 
there or raised anteriorly, more or less narrowly truncated pos¬ 
teriorly, actinally flat, or irregularly swollen or concave. 

Apical system elongate and dislocated; an anterior portion 
consisting of a small anterior radial plate and of the antero-latoral 
basal plates, separated from the posterior basal plates by the 
united antero-lateral radial plates; the posterior portion consisting 
only of the united postero-lateral radial plates. The portions 
are widely separated by numerous small plates belonging to the 
postero-lateral interradia; the madreporite in the right anterior 
basal plate. 
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Ambulacra disjunct and similar, the anterior in a slight groove 
or flush, the others flush, increasing in width to the ambitus, the 
pairs of pores in low primary plates; posterior ambulacra at 
varying distances from the anal groove. Interporiferous areas 
with small perforate and crenulate tubercles. 

Interradia very unequal, broad; the postero-lateral areas 
uniting at the dorsum behind the postern-lateral basal plates. 

Actinally the postero-lateral interradia are symmetrical, there 
being no fusion of plates. The interradial ornamentation is of 
the same kind as that of the ambulacra, but closer. Peristome 
pentagonal or subcircular, its margins formed by two unequal 
plates to each ambulacrum, and a single interradial plate to each 
area. Neither phyllodes nor hourrelets. Periproct posterior, 
in a groove at varying heights above the margin. 

Fossil. Oolite: England and Europe, N. Africa, Cretaceous: 
Europe. 

Genus Dtsaster, Agassiz , 1839, Echfoss. d. L Suisse^ vol. i. p. 1; 
1817, Ann. d. Sci. Flat. vol. vii. p. 275 (Disaster), Desor , 
1S42, Monogr . d’Ech. viv. etfoss. livr. 3, p. 7. Cotteau. , 1885, 
Ech« foss. de V Tonne, vol. i. p. 335 ; 1867-74, Fed . Franf 
Terr. Cret. vol. is. p. 106. 

Test moderate, subcylindrical, long, low, rounded in front, 
truncated squarely posteriorly. 

Apical system dislocated; the anterior part escentric in front, 
with the two pairs of basal plates in contact, the anterior and 
antero-lateral radial plates being external; the posterior part 
consisting of the postero-lateral radials united along the median 
line and separated from the anterior part by numerous small 
plates of the postero-lateral interradia; the inadreporite in the 
right anterior basal plate, or extending between the postero¬ 
lateral basal plates. 

Ambulacra disjunct, flush, increasing in width to the ambitus, 
the posterior may be flex no us; bivium and trivium widely sepa¬ 
rated ; pairs in simple series. Postero-lateral interradia large, 
snay have additional plates at the dorsum. 

Peristome excentric in front, subpentagonal, plain; a single 
peristomial plate in each interradium. Periproct pyriform, in the 
posterior truncation, supramarginal. 

Fossil. Europe, N. Africa. 

This genus is distinguished from Collyrites by having the basal 
plates not separated by antero-lateral radial platdfe. 
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Genus Htbocltpetts, Agassiz , 1839, Ech . Suisse, pt. i. p. V4 
JTny/^, 1850, Pal Soe., Ech Ool Form . p. 291, pis. xxi. & xxii. 

Test moderate in size, ovoid, usually highest in front, gibbous, 
tumid, depressed, truncated and grooved posteriorly, swollen 
actinally. 

Apical system sub central, elongate; the antero-lateral radial 
plates uniting along the median line and separating the pairs of 
basal plates; a complementary plate or the fifth basal plate may 
separate the posterior basal plates j the anal groove separates the 
posterior radial plates. 

Ambulacra disjunct, similar, flush, apetalous, the anterior 
sometimes in a groove and all more or less wavy. Poriferous 
zones narrow, and the pairs are in simple series, and close abac- 
finally and at the margin, and wider apart and triserial at the 
peristome; plates low primaries abactinally, compound actinally. 

Interradia wide, tumid, and the posterior with a long deep 
groove becoming wide and shallow at the truncated edge j peri- 
proet in the upper part. 

Peristome excentric in front, deep, pentagonal, and longer 
than broad ; no fioscelle. 

Tubercles close, uniform, small, perforate and crenulate; scro- 
Monies sunken. 

Fossil England and Europe, 

It is said that a compact apical system may occur, a comple¬ 
mentary plate being between the pair of basal plates, and *» 
similar plate is said to occur between the posterior pair of basal 
plates. It may be a matter of doubt whether the generic cha¬ 
racters can vary s© much. 

Genus Iotkaclypetjs, Gauthier , 1875, Colt., Per on Ej Gauthier, 
Ech, Foss, de VAlgeria , 1876, fase. ii. p. 28, pis. Id, 15, 

Test large, more or less hemispherical, somewhat depressed, 
subcircular at the basal outline, slightly narrowest posteriorly, 
flat actinally. 

Apical system subcentral, and at the highest point elongate; 
the antero-lateral radial plates uniting at the median line and 
separating the pairs of hasals; posterior radials large, no fifth 
basal; the madreporite in the right anterior basal plate. 

Ambulacra sub equal, flush, apetaloid, similar, increasing in 
width to the margin, and thence diminishing towards the peri¬ 
stome, Pairs of pores in single series; pores small, oblique. 
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Anterior ambulacra straight, the antero-lateral wide apart and 
slightly curved. Actinally the ambulacra are in slight hollows 
of the test. 

Interradia large, plates numerous, bent, low and broad. 

Peristome in a slight concavity, oval, oblique, from right to left; 
without a floscelle or branchial incisions. Periproct inframar¬ 
ginal, elongate antero-posteriorly, ovoid or elliptical, in a groove, 
which is more or less continued abacfcinally. This groove seems 
occupied by small, elongate, distinct plates F 

Fossil. Tithonian: Africa (Algiers). 

The author considers that the genus is near P achy clypews, 
from which it differs in the position of the periproct and in the 
remarkable construction of the posterior groove. The obliquity 
of the peristome is in the opposite direction to that of Amblypygus. 

(xenus G-easxa, Michelln , 1854, Rev* et Mag. Zool. ser. 2, p. 439* 
Cotteau , 1867-74, Pal. Prang ., Terr. Jura, Ech . vol. is. 
p. 34. 

Test large, twice as long as broad, oval, depressed, tumid 
dorsally and actinally, truncated posteriorly. 

Apical system very dislocated and elongate, the basal plates 
separated by the union of the antero-lateral radial plates, the 
postero-lateral radial plates placed far back. 

Antero-lateral ambulacra far to the front, and the postero¬ 
lateral far behind, placed above the periproct; apetaloid, flush, 
the anterior straight and the others flexuous. 

Peristome central, circular, plain. Periproct in a deep poste¬ 
rior groove which reaches the dorsum. 

Fossil Oolite: Europe. 

There are some genera which link the Oa&siduloidea and the 
Spatangoidea in a very interesting manner, and the character of 
the dissimilarity of the construction of the anterior and the paired 
ambulacra is always evident , but not so much as in the true 
Spatangoids. 


IV. Eamily Pbesiospatan&ibje. 

Tests variable in shape and in the presence of small fioscelles; 
ambulacra short or long in the subpetaloid parts j apical system 
compact or elongate and disjunct. Odd ambulacrum with pores 
differing in shape from those of the lateral ambulacra, or they 
may abort. 
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Genus Eolampas. 

Archiacia . 

Claviaster. 

Asterostoma . 

Pseudasterostoma. 

Metaporkinus . 

Genus Eolampas, Duncan Sf Sladen 9 1882, JFbss. Del tin. W. Sind 
(Pal Ind . ser. xiv.), pt. ii. p. 62, pi. xvii., and p. 150, 
pi. xxxi.; 1888 , Ann. Mag. Nat. Hist. ser. 6, vol.ii. p. 329. 

gyn. Petalasier , Cotteau, 1884; Pseudopygaulus , Coquand, 
1862, genus undes., only figured. 

Test small, tumid, ovoid, subdepressed; the greatest height 
corresponding with the apical disk, and very excentric in front; 
the anterior slope rapid and precipitous, the posterior region sub- 
rostrate near the extremity. 

Apical disk excentric in front, small; basals four, penetrated 
by genital ducts; madxeporite central. 

Ambulacra flush, small, short, petaloid, subequal; the odd an¬ 
terior aborted. Poriferous zones o£ the other ambulacra subequal. 

Peristome transversely oval, subcentral or very slightly 
excentric in front, with a perpendicular wall reaching upwards 
into the body-cavity. Fo bourrelets. Phyllodea very slightly 
developed. Buccal pores opening into the peristomial margin, 
with a small granule-like prominence over each, standing at the 
extreme edge of the peristomial ring, Periproct marginal, 
transversely oval. Tuberculation small, homogeneous, in sunken 
scrobicules; intermediate space sub granular and confluent. 

The ambulacral rosette is small in relation to the size of the 
test, and the ambulacral petaloid ends terminate remotely from 
the margin of the test. The anterior ambulacrum has no double 
pores, and the grooves which are in their place do not present a 
single pore. 

The iuterradial areas are largely developed abaetinally. There 
is a faint groove in front of the sunken peristome. The periproct 
varies in its size and height in the posterior surface. 

Fossil Eocene of Asia (Sind); F. Africa (Algiers); Europe? 

Genus Aechiacia, Agassiz , 1847, Amu d, Scu Naf . vol. vii. 
p. 101, D'Orbig. 1855, Pal. Fran g., Terr. Grit. vol. vi p. 283, 
pis. 909, 9LO. Desor , 1858, Synopsis, p. 824. Cotteau^ 



GENEBA AND G-BOTTES OP THE ECHXNQXDEA. 


201 


Perm , 8f Gauthier, 1879, Ech. Foss. de VAlger, fasc. 5, p. 154, 
pis. x., xi. Be Loriol, 1888, Fame Cret. du PortugEch . 
vol, ii. fasc, 2, p. 83, pi xv. 

Test moderate or large, thin, ovoid in marginal contour, 
broadest posteriorly, high, subconical at the anteriorly placed 
and overhanging apex, sloping gradually elsewhere, more or less 
grooved anteriorly. Actinally plane or convex. 

Apical system at the highest point, with four perforated basal 
plates. 

Ambulacra diverse, flush ; the odd one non-petaloid, and with 
a biserial arrangement of small oblique pairs of pores in each 
poriferous zone; other ambulacra short, subpetaloid, tending to 
close, with diverse pores, the outer elongate; pores single (?) 
beyond the subpetaloid parts and in high plates, the others in 
low and broad primaries. 

Interradia broad, and the plates broad, rather low, and nume¬ 
rous. Ornamentation of small tubercles and granules. 

Peristome large and widely open, excentric in front, more or 
less pentagonal, and with a rudimentary floscelle. Periproct 
large, ovoid, elongate longitudinally, submarginal. 

Fossil. Cretaceous: Europe, N. Africa. 

Genus Claviaster, d'Orligny , 1855, Fat. Fran p., Ech. Terr . 
Cret. vol. vi. p. 2S1, pi. 909. 

Syn. Arcliiacia , pars. 

Test of moderate size, inordinately tall, finger-shaped. Apical 
system at the apex with four basal plates perforated. 

Ambulacra very long, dissimilar, flush; the anterior with single 
pores in each zone, the other and paired ambulacra with slightly 
sunken pairs. 

Fossil . Cretaceous : Asia. 

The genus Asterostoma has given much trouble to MM. Cotteau 
and A. Agassiz. This may be seen by reading M. Cotteau’s title 
of the genus in his Memoir in the Mem. Soc. GeoL de Prance, 
1871-73, vol. ix. p. 177, and a passage in the Eeport on the 
‘ Challenger 5 Echini, 1881, p. 167. 

It must he admitted that A. Agassiz is quite justified in Ms 
remarks about the existence of more than one type in the genus 
Asterostoma as determined by M. Cotteau. 

It is necessary to differ from M. Cotteau regarding the name 
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which should be placed after the genus, for there is no evidence 
that Lamarck wrote upon it. The genus first appeared in the 
Cat ah rais., Ann. des Sci. Nat. vol. vii. p. 168 (1817). Agassiz 
there wrote :—“ The genus links the Oassidulidse and the 8pa- 
tangoids; it has the shape of AnancMtes , but differs from it in the 
month, which is median and pentagonal. The ambulacra are 
united together at the summit, and the odd one has the pairs of 
pores smaller and more distant than in the paired petals, almost 
like the Spatangoids. At the actinal surface the ambulacra 
correspond to broad and deep grooves. Anns posterior.” The 
apex is evidently excentric in front. Agassiz defined the genus 
to include Clypeaster excentricus , Lam. 

The next notice of the genus is in d’Qrbigny’s description of 
the Echioodermata, Pal. Eran$., Terr. Cret. vol. vi. 1853-55, 
p. 279, pis. 906, 907, 908. 

G-enus Asterostoma, Agassiz, 1847, Ann. d , Sci. Wat. vol. vii. 
p. 168. Cotteau , 1871-73, Mem, Soc . Geol. de France , ser. 2, 
vol. ix. ii. p. 178. 

The peristome is sub pentagonal, not labiate, central or. slightly 
in front. There are five actinal grooves from the peristome 
reaching the margin of the test, corresponding with, the ambu¬ 
lacra. Anus posterior, marginal. 

Ambulacra broad, subpetaloid, unequal; odd ambulacrum 
flush, with very small pores, circular and in simple series in 
regular pairs. Paired ambulacra flush, long, not contracting 
near the ambitus; pores simple, large, equal. Tubercles distant, 
scarce. 

Fossil. Cretaceous ? : Cuba. 

The species is Asterostoma excenfricum, Lam. sp., a very large 
form, 103 million long. It will be observed that the test is oval, 
longer than broad, broadest in front and slightly narrows be* 
hind; convex above, rounded in front, less so behind, tumid at 
the ambitus, flat actinally, with five grooves; ambulacra above 
the ambitus subpetaloid. In the plate 906. fig, 1 there is no 
anterior groove above the margin, and certainly the radial ends 
of the ambulacra are not sufficiently distant to enable any one to 
infer that the apical system was elongate. The species was 
probably FcMnolampas KleiniL There is no doubling of the 
pairs of pores at the peristome, and there is no sternum to the 
posterior interradium. On plate 908 the anterodateral ambu- 
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lacra are seen to contract above the ambitus so as to present 
curved poriferous zones, and the small pairs commence close to 
the margin. The postero-lateral ambulacra do not contract, and 
are widest at the ambitus. All pores are circular. 

These are perfectly recognizable definitions, and were repro¬ 
duced to a certain extent by Desor, 1858, Synopsis, p. 190, 
pi. 87. The peristome is oval elliptical, and the small pairs of 
pores’ come regularly to its margins ; but Desor makes the radial 
ends of the ambulacra so distant that there is room for a suspicion 
that the basal plates were separated by the antero-lateral radial 
places. This is because of incorrect drawing. 

It. Ootteau noticed the genus anew in Bull. Soc. Greol. do 
France, ser. 2, voh xxiv. p. 826 • but the diagnosis relates to a 
distinct type, which is now named Fseudctsierosioma, The diag¬ 
nosis is therefore accepted for the new genus as follows:—- 

Genus Psettdastebostoma, gen. nov. 

Syn. Asterostoma (pars), Ootteau. 

Test large, more or less elongate, sometimes subcircular, 
swollen above, almost fiat below. 

Apical system moderately developed, subcircular; four 
basal and five radial plates; the antero-lateral basal plates 
touch within; tbe postero-lateral and the posterior pair of radial 
plates are separated by a complementary imperforate plate (this 
is the small imperforate fifth basal plate). 

Ambulacra subpetaloid, unequal; tbe anterior different from 
the others in the structure of its pores. Poriferous zones of the 
paired ambulacra of different shaped pores, largely open abacti- 
nally, reduced in size suddenly near the ambitus, the pairs there 
being microscopical and very distant; near the peristome the 
pairs become larger, closer, and more or less pronounced, 
and converge to the mouth. Tubercles scarce, small, crenulate, 
perforate, and scrobiculate; granules in circles around the 
serobicules. Peristome sublabiate, transverse, either central or 
very excentric in front; periproct rounded, flush, posterior, just 
above the margin. 

Fossil . Cretaceous ?: Cuba. 

This generic definition does not notice the definite grooving of 
the actinal surface, the slightly contracting antero-lateral and the 
open postero-lateral ambulacra above the ambitus, the compara¬ 
tively central position of the simple peristome, and the general 
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simplicity of the ambulacra characteristic of Asterostoma , 
Agass, 

The terminology appears to be s— 

Asterostoma excentricum , Link., sp. 

„ cuhense , Cott. 

Pseudasterostoma Jimenoi , Cott., sp. 

Genus Metaporhintjs, Hichelin , 1854, Ateu. ej? Jihy. As Zool 
ser. 2, p. 489; Bull. Soc. G'eol. de France , ser. 2, t. i. p. 270. 
Desor , 1858, Synopsis® p. 210. Ootteau , 1860, PaZ. Prang., 
Terr . Jhm, vol. ix. pp. 28 & 504. Ootteau , Peron df Gau¬ 
thier, 1876, Ech.foss . de VAlger, fasc. 2, p. 17. 

Test of moderate size and large, oval, slightly longer than broad, 
subcordiform, sometimes dilated at the ambitus. Very tall, gib¬ 
bous, and projecting upwards anteriorly, and grooved and oblique 
behind, sloping at the sides, aetinally tumid, especially behind 
the peristome. Anterior groove variable. 

Apical system exeentric in front, elongate, partly compact and 
disconnected and posterior. The four basal plates in contact and 
the posterior radial plates widely separated. The anterior radial 
plate may separate the antero-laterai basals. 

Ambulacra, bivium disconnected from the trivium ; diverse, 
apetaloid, flush, except the anterior, and this in a more or less 
defined groove, with simple, small, distant pairs of pores; paired 
ambulacra flexuous, pairs of pores becoming distant at the am¬ 
bitus and numerous near the peristome; pores cotmna-shaped, 
placed obliquely to one another, or circular. 

Postero-lateral interradia either uniting along the median lino 
above or having plates intercalated there. 

Peristome exeentric in front, transversely oiliptical-subim~ 
dulaie at its margin. Periproet supramarginal, either flush, or 
in the upper part of a groove, and sometimes beneath an expan¬ 
sion of the test, oval or- pyriform, acuminate above. Tubercles 
very small, crenulatc and perforated, subscrobieulate; grannies 
small, homogeneous, especially abactinally. 

Fossil . Jurassic and Cretaceous: Europe. Tithonian; Eh 
Africa. 
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VII. 

The Suborder Spatangoidea and Families. Family Ananehylidce and Genera, 
its Subfamily Urechininse and Genera. Family Spatangidae and its divisions, 
the Adeles and Genera; the Prymnadetes and Genera; the Prymnodesinia and 
Genera; the Apetala and Genera. Family Leskiidai and Genus. Family 
Pourtaleaiidse and Genera. 


II. Suborder Spatangoidea. 

Exocyclic nodostomes, with the peristome excentric in front, 
rarely pentagonal in the adult, usually with, a posterior labrum, 
behind which is a long plastron, either with a meridosternum 
or an amphisternum, bounded laterally by the posterior atn™ 
bulacra. Periproct posterior, and either inframarginal, supra¬ 
marginal, or marginal. Apical system with four perforated basal 
plates, compact, or the madreporite may vary in its extension, or 
elongate. Ambulacra dissimilar. Tentacles heteropodous, either 
simple, branchial, or penicillate or disciferous. Interradia with 
a single peristomial plate ; the postero-lateral areas usually un~ 
symmetrical actinally. Spheridia numerous. Eascioles present 
or absent. 

I. Family Ananchytidje. 

II. „ SPATANGIDJiU 

III. s} Leskiid^s. 

IV. „ POUKTALESIIDJE. 

I. Family Ahahchttida;. 

Tests ovoid or subcordiform in marginal outline, tall or de¬ 
pressed ; with or without an anterior groove; plates large. 
Apical system elongate or semi-disjunct; the madreporite in 
the right anterior basal plate, rarely diffused. 

Ambulacra in a bivium and trivium, similar or slightly diverse, 
flush, apetalous; pairs of pores largest near the apex and at the 
peristome, may be uniporous. 

Interradia all entering the peristome with a single plate, the 
postero-lateral unsymmetrical actinally, the posterior with a 
labrum and a long many-plated meridosternum, tuberculate and 
bounded by broad ambulacra. 

Periproct either posterior, marginal, inframarginal, or supra¬ 
marginal. 

Ornamentation small. Tentacles heteropodous. A marginal 
fasciole may exist. 
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Genus Echinocorys. 

Submenus Jeronia, 

Genus Holaster . 

Submenus Lampada&ter . 

Genus Off as ter. 

liemipneustes. 

Car Master. 

Subgcnus Jnfulaster . 

Genus liagenowia. 

Subfamily Urechinincs. Ambulacra uniporous. 

Genus Ur echinus. 

Cystechinus. 

Calymne . 

Incerfcse sedis : Enichaster . 

Stenonia . 

Genus Echinocorys, Breynius, 1782, de JEck. p. 58, pi, iii. 
fig. 2. IP Orb. 1858, Frang., Terr . OWtf. vol. vi. p. 62. 

1874, Mudes, figs. 51-58, 97,181. 

Syn. Amnchytes , Emit.; Oolaster , Laube, 1809. 

Test large, tbin, oval in marginal outline, Rat actinally, straight 
or tumid at tbe sides above tbe sharp margin, high, rounded, or 
keeled apically. 

Apical system elongate; usually the four basals are all per¬ 
forated by genital ducts ; but the foramen may be absent in the 
plate with the madreporite, or the right anterior basal plate; the 
antero-lateral radial plates largo and united and separating the 
anterior and posterior pairs of basal plates. 

Ambulacra nearly similar, all flush, apotalous, biporous, the 
plates low and narrow near the apex and gradually increasing in 
width and height to the margin, and small and dissimilar at the 
peristome; pairs of pores well developed abaetinally; pores round 
or oval and nearly horizontal, becoming smaller, closer, and ob¬ 
lique towards the ambitus, where the pairs are more distant; at 
the peristome 4he adoral pore of a pair is in front of the aboral 
pore and separated by a nodule. Posterior ambulacra actinally 
long and broad, the pairs small and the pores oblique. 

Interradia with large plates; the postero-lateral areas unsym- 
metrical actinally, from union of the second plates of both zones 
behind the peristomial plate of the right posterior area; all the 
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interradia enter the peristome with, single plates, and that of the 
posterior is a labrum, behind which is. a many-plated raerido- 
sternum forming a long plastron. 

Peristome exeentric in front, transversely oval; phyllodes 
moderately developed.. Periproct inframarginal, posterior, oval. 

Ornamentation of scanty small primary tubercles and nume¬ 
rous small granules ; spines short and small. 

.Fossil. Upper Cretaceous: England, Europe, Africa. 

Subgenus Jerqnia, Seunes , 1888 (genus), Bull . Soc . Geol do 
France , ser. 3, vol. xvi. p. S09. 

Test large, subrostrate behind. Ambulacra! plates broad and, 
large. Apical system may have an accessory plate and only three 
genital pores. Some large tubercles near the ambitus. 

Fossil . Cretaceous: Europe, 

Genus Holaster, Agassiz , 1840, Gatal. Syst. p. 1; 1847, Ann . d* 
Sci . Nat . ser. 3, vol. viii. p. 26. Besor , 1858, Synopsis , p. 336. 
Fictet , 1872, Pal. Suisse, Ech. Gret . p. 292. Lovett, 1874, 
Etudes , p. 49, pis, v. & xxv. 

Syn. Guettaria , Gauthier, 1887; Entomaster, Gauthier, 1887. 

Test variable in size, thin, ovoid in marginal outline, flat act¬ 
ually, tumid and high, and may be keeled abactinally; a very 
broad and shallow groove anteriorly. 

Apical system elongate; the roadreporite in the right anterior 
basal plate. 

Ambulacra apetalous, biporous, diverse; the anterior ambu¬ 
lacrum with pairs of small, oblique, circular or slightly elongate 
pores in the groove ; the antero-lateral ambulacra the most di¬ 
vergent, their pores oblique, diverse, circular and linear, rather 
long; the pairs of the anterior and posterior zones may differ in 
size; the postero-lateral similar to the antero-lateral abactinally, 
like them also in having minute wide-apart pairs at the ambitus, 
but differing in being long and broad on the sides of the actinal 
plastron. 

Interradia with large plates; the postero-lateral area of the right 
side aetinally has the second plates of both zones beyond the single 
peristomial plate united, and is thus unlike the corresponding 
area of the left side; the peristomial plate of the posterior inter¬ 
radium is broad and larger than the others, it forms a labrum 
and is succeeded by a long many-plated meridosternum, but the. 
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second plate of this stretches across and occludes the fellow plate 
from the peristomial plate. 

Peristome excentrie in front, elliptical and broadest transversely. 
Periproct supramarginal, oval. 

Ornamentation of small primary tubercles raised above the 
general surface; grannies exist in numbers and limit the plain 
scrobieules. 

Fossil. Cretaceous : England., Europe, Asia, W. Africa. 
Miocene: Australia. 

It is hardly possible for Holaster Campicheams, d’Orb., to 
remain in the genus, and H. Indicus , Forbes, may be a Car diaster . 

Subgenus Lahpadaster, Cotteait, 1889 (genus), Bull Soc. Zool. 
de France , vol. xiv. p. 88. 

Appears to be an Holaster with a pronounced ambulacra! 
groove at the ambitus anteriorly, with large, distant, broadly scro- 
biculafce tubercles especially abundant dorsally; the periproct 
below a posterior rostration. 

Fossil Cretaceous: Madagascar. 

Genus Off aster, Desor , 1858, Synopsis, p. 388. Be Loriol , 
Feh. des Env. de Camerino , 1882, p. 10. Lomu , 1888, Four- 
talesia , p. 92. Gauthier , 1SS7, Bull. Soc . d. Sol de V Tonne , 
vol. xli.e (pub. 1888), p. 408. 

Test small, tumid, globose or conical or cordiform, flat or 
tumid actinally. 

Apical system elongate ; the madreporite in the right anterior 
basal plate, A doubtful or absent anterior groove. 

Ambulacra flush, apefcalous, with few high plates with minute 
circular pores in pairs, which diminish in size and increase in 
distance towards the ambitus, and are larger at the peristome. 

Interradial plates high,larger than those of the ambulacra; the 
postero-lateral areas unsymmetrieal actinally on account of the 
fusion of the second plates of the right posterior area ; a narrow 
posterior peristomial plate with a small labrum, and posteriorly 
is a long meridosternum. 

Peristome excentrie in front, broader than long, oval. Periproct 
circular or ovoid, supramarginal. A marginal fasciole may occur. 
Fossil Cretaceous; England and Europe. 

Certainly no forms with compact apical systems can enter. 
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Genus H smith ettstes, Agassiz, 1840, Oat . Syst. p. 2 ; 1847, Aw, 
rl Sci. Nat. vol. viii. p. 31. Desoy, 1858, Synopsis, p. 348. 
Loven , 1883, Fourtalesia , pp. 70, 92, 95. 

Test large, ovoid in marginal outline, high and tumid, and raised 
or not in front abactinally, flat act in ally ; narrowly and deeply 
grooved anteriorly and more or less emargiuate posteriorly. 

Apical system central, elongate; the antoro--lateral radial plates 
large and uniting at tlie median line ; the madreporite diffused. 

Ambulacra dissimilar; tlie anterior in the groove, its plates 
and pains of pores numerous and small, the rows of pores wide 
apart; the paired ambulacra flush, semipetaloid, more or less 
curved, open distally, with numerous plates; the pores of the 
pairs circular and elliptical and elongate. 

Interradia actinally symmetrical on account of the fusion of 
the second plates of both of the postero-lateral areas. Posterior 
interradium with a wide produced labruin and a ineridosternous 
plastron with large plates and a zigzag of sutures. 

Peristome excentric in front, much sunken, crescent-shaped, 
broad. Periproct supramarginal. A small equal granulation, 
large on the edge of the anterior groove. 

Fossil. Cretaceous : Europe, Africa. 

Genus Oabdiaster, Forbes , 1852, Mem . Geol Survey, Decade iv. 
pL ix. Desor , 1858, Synopsis , p. 344. 

Syn. Step aster , Pom el (pars); Oil aster, Pom el (pars). 

Test large, cordiform, slightly convex actinally, tumid at the 
margin and rather depressed abactinally, broader than high, may 
be high anteriorly ; with a well-marked anterior groove keeled at 
its sides, reflected more or less on the dorsum. 

Apical system subcentral or excentric in front, elongate, the 
anterior basals being separated from the postero-lateral by the 
united antero-lateral radials. Madreporite in the antero-lateral 
basal plate. 

Ambulacra apetalous and biporous, flush with the surface of 
the test except the anterior, which is in the anterior groove. 
Anterior ambulacrum with small pores, the pairs becoming wider 
apart vertically and horizontally, from increased dimensions of 
the plates, and reaching far down the groove, before they become 
smaller. The posterior poriferous zones of the other ambulacra 
have larger pairs of pores than their anterior zones; pores elon¬ 
gate, and often placed obliquely in the pairs. 

LIOT. JOUBH.—ZOOLOGY, YOU. XXIII. 14 
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Interradia with largo plates, the plates behind the peristome 
forming a meridosterninn. 

Peristome excentric in front, and its orifice with a posterior lip 
looking forwards, elliptical, transverse. Periproct in a depression 
in the truncated posterior face, oval. A more or less complete 
marginal fascicle passing below the periproct. 

Fossil* Lower Greensand to White Chalk: England, Europe, 
Asia, America. 

Such forms of Oar di aster as 0. fos sarins, Benetfc, sp., from the 
Upper Greensand, CQotteamm , d’Orb., besides a variety of 
the first-named species, lead so decidedly up to Infidaster, Hage- 
now and Desor, that after due consideration I agree with 
Eorbes in placing the species which were admitted by Hag-enow, 
d’Orbignv, and Wright in that genus, with one exception, in the 
genus Oar diaster ; or rather in a sub genus without a fascicle 
C Infidaster ). I have examined the types described by Eorbes, 
and they have no lateral or any kind of fascicle, and this was the 
opinion of the late Hr. Wright. All the characters of Oar Master 
are present in the species 0. esocentricas , Eorbes, and therefore 
the absence of the fasciole is not of generic importance. 1 
do not consider that Oardiaster rostratus , Eorbes (the L?fu~ 
leister rostratus of Besor), belongs to the genus, and I admit it 
in a new one, Hagenoida . 

Subgenus Inful aster, Rag enow (genus), 1851; Desor, 1858, Sy¬ 
nopsis, p. 847. 

Test high in front, narrow; anterior groove deep and with 
strong lateral keels. Easciole absent. 

Fossil Upper Chalk : England and Europe. 

Genus Hagenowxa, gen. nov. 

Syn. Oardiaster , Eorbes (pars); Infidaster , Desor (Hagen.) 
(pars); Steg aster, Pomel (pars). 

Test small, long, narrow ovoid, low, with a long, slightly bent, 
blunt-pointed rostrum, grooved beneath and arising from the 
upper and anterior part of the test * The narrow dorsum of 
the test is saddle-shaped, short, and slopes from the rostrum to 
the oblique posterior truncation, which is narrowly grooved from 
below upwards. The anterior part of the test, beneath the 
.* $ ee Eorbes, 1852, Mem, Gtool. Survey, Decade iv, pL x. fig, 7. 
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rostrum, is nearly vertical, narrow, and grooved. Actinally the 
test is narrower than dorsally, and is convex from before back¬ 
wards and from side to side. 

Apical system small, on the top of the rostrum ; there are four 
basal plates * placed closely, and the anterior pair are alone per¬ 
forated by genital ducts. Radial plates small. 

Ambulacra apetalous, and, with the exception of the anterior, 
which is in the anterior groove t, flush with the test. Pairs of 
pores of the anterior ambulacrum few and wide apart, continued 
up over the end of the rostrum abactinally. Pairs of the antero¬ 
lateral ambulacra small and indistinct, passing down the rostrum 
abactinally and keeping close to the edge of the anterior part 
of the test; the postero-lateral pair passing parallel to the 
ridge of the dorsum to close to the oblique posterior edge, and 
then passing downwards to reach the actinal surface far back, 
and running along the convex median part on either side to the 
exeentric in front peristome. 

Peristome § at the end of the anterior groove, transversely 
elliptical; posterior interradium meridosternous behind the peri¬ 
stome. Periproct [j at the top of the posterior groove. 

Ornamentation small, scarce, made up of close miliaries. 
Primary tubercles absent. Pascioles absent. 

Fossil . Upper Chalk; England, Europe. 

Hagenowia bosteatus, Forbes , sp., 1852, Mem. G-eol Sur¬ 
vey, Decade iv. p. 3, ph x. 

Test compressed at the sides, with the apex produced as an 
elongate, oblique, slender rostrum. 

Subfamily Urechiuince. 

Ambulacra uniporous. 

The genus Ureckinus , A. Agass., has had its solitary species 
well studied by its first describer, and also by Loven; but it 
must be admitted that the shape and details of Z7, Faresi (Fare- 
sianus, A. Ag., is probably not classical, as “ Naves ” refers to a man 
and not to a place), given in the 1 Challenger ? Report, pis. xxix., 
xxx., xxx. a, are not those of the one species. Some forms have 
and others have not a subanal fas dole; and these last are, 

* Plate x. fig. 11. t Figs. 8 and 9. 

t Fig-10. § Fig. 13. || Fig. 12. 
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moreover (as Loven. has pointed out), without the peculiar ar¬ 
rangement of the pores of the postero-lateral ambulacra in tho sub- 
anal region, which is seen invariably with a true subanal fasciolo. 

It may be that there are two groups of forms, one without and 
the other with a subanal faseiole, and yet closely allied, as in the 
instance of Micrmter and Epiaster; or the fasciole may be so 
small in the area which it surrounds, that it does not interfere 
with the ambulacra. The final solution of these questions 
must be left to the distinguished author of the Eeport on the 
4 Challenger 5 Echini; but; for the present the latest authority, 
Prof. Loven, must be consulted. 

G-enus TJEEOHmrs, A. Agassiz, 1870, Proc. Amer. Acad vol. xiv. 
p. 207 ; 1SS1, Report on the i Challenger 5 Echini , p. 140, 
pis. nix., xxx., xxx. a; 1888, Report on the * Blake J Echini , 
p* 52, pi. xxvi. Loven , 1888, Rourtalesia , p. 90, pi. xxi. 

Test moderate in size, ovoid, tumid, tapering posteriorly in 
marginal outline, varying in height, either low, tumid, and feebly 
arched dorsally, or conical and taller than broad ; convex acti- 
nally, with a slight heel over the region behind the peristome, 
truncated posteriorly, and with a hood overhanging the periproct; 
surface smooth. 

Apical system nearly central, elongate, the lateral basal plates 
separated by the junction of the antero-lateral radial plates, with 
or without complementary plates; usually three genital pores ; 
and the madreporite in the right anterior basal plate, but there 
may be a fourth pore; posterior basal plates united ; radial plates 
irregular in shape. 

Ambulacra all flush, ape talons, uni porous j the plates high, 
and differing little from those of the interradia, except those of 
the anterior, which are lower and more numerous; pores small. 

Interndk with the postero-lateral areas broadest; aetinally the 
single peristomial plates small and narrow, the labrnrm also 
and not prominent; the whole of the paired areas symmetrical ; 
the second plates of both zones of each lateral interradium 
united so as to form a single plate beyond the peristomial 
plate; the third plates separate. The sternum semrmerido- 
stemous (the plate 2 of zone l occupying the whole sternum, 
and followed by a small plate 2 of zone a, and at its side a plate 
8 of zone h). 

Peristome subcentral in front, slightly sunken, subpentagonal j 
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the ambulacra form the larger part of the margin; membrane 
with a central mouth surrounded bj concentric buccal plates 
without tentacles, largest at the margin. Periproct low down 
in the posterior interradium, with a swelling below and more or 
less of a hood above, elliptical, its membrane with concentric 
plates. Below the periproct a mass of small miliary tubercles, 
which may simulate a fasciole. Tuberculation scanty, of pri¬ 
maries, with many secondary tubercles and miliaries; and hence 
a dense covering of very short spines, with broad bases. 

Recent. 422 to 1800 fathoms, Pacific, south of equator, to 
Kerguelen, Magellan Strait, Caribbean Sea. 


G-enus Cystechinus, A. Agassiz, 1879, Froc, Amer . Acad. vol. xiv„ 
p. 207; 1881, Report mi the 4 Challenger ’ JEchini , p. 148. 
J. W. Gregory , 1889, Quart. Journ. Geoh Soe. vol. xlv. 

Test very large, thin to rather stout, may be flexible, ovoid or 
elliptical in tumid marginal outline, tall, sub conical or subliemi- 
spherieal, and then low; flat aetinally, sunken slightly around 
the peristome, and tumid behind it. 

Apical system subcentral or slightly posterior, elongate, plates 
confused; the pairs of basal plates separated either by large 
radial or by accessory plates; the basals large, irregular, and 
three, rarely four, perforated; a small inadreporite in the right 
anterior basal; radial plates confused, some small. 

Ambulacra similar, flush, apetalous, uniporous except dose to 
the peristome, widening to the ambitus, with, as a rule, large 
plates, except close to the apex, where they are narrow. 

Interradia with large plates tending to become hexagonal, very 
similar to ambulacra! plates; a small peristomial plate to each 
area, and a meridosternum slightly tumid. 

Peristome circular or subelliptical, transverse, in front of the 
centre, nearly flush, without lips, and with a raised internal ridge; 
peristomial membrane wntli concentric plates carrying small 
spines; mouth subcentral, in the membrane. Actinal ten¬ 
tacles tufted. Periproct elliptical, variably placed, marginal, and 
just above or below it; plates of membrane numerous. 

But few primary tubercles on the plates, which may have 
ridges; many secondary tubercles and miliaries; spines short, 
very close and equal, some serrate and cylindrical, others club- 
shaped and spinnlose. Pedicellaria* numerous, some on stalks, 
tridaetyle, blunt or sharp-headed, mostly trefoil-like and sharp. 
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Fossil. Tertiary (late): Barbadoes. 

Mecent Philippines; Tristan da Ounha to Buenos Ayres; Juan 
Fernandez to Chili; Antarctic Ocean, Marion Island to Kerguelen 
and Australia, Depth 1050 to 2225 fathoms. 

Genus Oalymne, Wt/i\ Thomson , 1877, Vo if. of the £ Challenger / 
u The Atlantic” vol. i. p. 397, A. Agassiz, 1881, Report on 
i Challenger 5 Fait ini, p. 154. Zoven , 1888, Fourtalesia , p. 90. 
(Arranged.) 

Test moderate, and probably large in size, and very thin, oval 
elliptical in marginal outline, longer than broad, and broader than 
high, rather Hat aetinally, with alow rounded keel extending from 
the peristome backwards, tumid above the slightly sharply-edged 
margin, rather flat abactinally. Plates numerous, large, very 
geometrical in shape. 

Apical system with the bivium widely separated from the trivium 
by plates of the postero-lateral interradia; anterior basals per¬ 
forated by the genital ducts which protrude; the madreporite is 
placed immediately behind the basals 2 and 8, and is probably in. 
an intercalated plate. “Behind the madreporite are two large 
plates, one on either side of the median line; and they appear to 
bo imperforate basals ; and behind these basals are four or five 
plates of the postero-lateral interradia. The anterior radial 
plate is in the usual place and is small; the antero-lateral 
radials are on the outer edge of the large basals behind the 
madreporite ; and the posterior radials are close and behind the 
last of the intercalated intcrradial plates, The system is there¬ 
fore elongate and disunited. Basal 5 is absent. 

Ambulacra flush, apet clous, uni porous; plates large and high, 
differing but slightly in height from the interradial plates, the 
porn being far in the middle of the plates. The anterior am¬ 
bulacrum resembling the others and, like them, flush with the 
test.; the anieim-Iateral far forwards and on a line with the 
peristome; IIm postero-latera-l far back abactinally, and with 
broad parts oil eit her side of the sternum, 

lntm*adia with the anterior pair much smaller than the pos- 
tero“lateral, which are broad and which separate the bivium 
from the rest of the calyx abactinally ; the antero- and postero¬ 
lateral interradia reach the peristome, with very narrow single 
plates. Posterior intorradiuni narrower than the postero-lateral, 
(wstinally forming the low keel of the sternum, its first plate 
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at the peristome is small, ancl the next is larger and single, the 
arrangement being meridosternous ; the plates are slightly pro¬ 
duced backwards so as to form a slight beak-like structure which 
is placed below the periproct. 

The peristome is far in front and is pentagonal ; it has irre¬ 
gularly concentric rows of plates on its membrane. Periproct 
nearly circular in outline, largely plated, and placed above the 
keel-like margin of the posterior part of the test. A narrow 
marginal fascicle exists, and it dips below the edge anteriorly. 

The ornamentation of the test is small and simple, the 
two or three small primaries, which are on each ambulacral and 
interradial plate abaetinally, are irregularly placed, and there 
are some granules with them; there are larger tubercles which 
are rather crowded along the sternal keel, and also on the pos¬ 
terior part of the abactinal surface. In these places the spines 
are largest and paddle-shaped and striated; similar spines are 
also around the periproct. The tubercles elsewhere carry slender 
hair-like or blunt-euded and notched spines. Colour of the test 
pale green. 

Recent. North of Bermuda, 2650 fathoms. 

Genera incertee sedis : Enichaster. 

Stenonia . 

Genus Enichaster, Be Loriol , 1882, Dcser. des EcJiinides des 
jEnv. de Gamenno , Mem. Soc . Rhys, et Hist . Mat. de Geneve , 
t. xxviii. No. 8, p. 80. 

The test is much longer than broad, oval-elliptical in marginal 
outline, without notches ; slightly convex dorsally and actinally, 
moderate in size and greatly depressed. 

The apical system is exeentrie in front, compact, and has 
four close, perforated basal plates. Madreporite surrounded by 
the basals, and very small. 

Ambulacra flush with the test, showing no tendency to closing; 
the anterior has no groove, and is composed of very minute pores 
which are wide apart. The antero-lateral ambulacra are almost 
transverse, and the poriferous zones are equal; the pores are in 
simple pairs, round, and not united by a groove. The posterior 
ambulacra are the longest and closest. 

The excentrie-in-front peristome was probably pentagonal. 
The periproct opens quite at the summit of the posterior inter- 
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radium. Tlie tubercles are well developed, wide apart, scro- 
biculatc, and are over the whole surface of the test, and there 
are small close granules. 

Fossil . Eocene (Oligocene): Europe. 

Genus Stknonia, Desor, 1858, Synopsis, p. 888. 

Large conical Urchins, with the poriproct infrainarginal, a bila¬ 
biate peristome, and with equal ambulacra. The apical system is 
compact. The ambulaeral plates are about half of the height of 
the Interradial plates. 

Fossil. Upper Chalk: Europe. 

There is but one species known of this remarkable genus, which 
Desor pointed out is Fclrinocorys (. Ananchytes ) with a compact 
apical system; he notices that the test is very thick, and that 
there is a bulging of the centres of the plates. 


II. Eamily Spatan o id is. 

Tests ovoid or cordiform, longer than broad, with numerous 
plates, and usually with an anterior groove. 

Apical system with four or less perforated basal plates, com- 
pact, or with the madrcporite variable in its posterior extension ; 
radial plates five and external. 

Ambulacra in a bivium and trivium, the anterior differing in 
shape and construction from the others, which may be petaloid 
dor sally or apetaloid, biporous, or uniporous; the postero-lateral 
long actinally and bounding the actinal plastron. Poripodia 
large around tlie peristome, forming rudimentary phybodos, the 
tentacles being ponieiliate there, and either simple or branchial 
above. 

Pairs of pores of the petaloid parts differing from 1 he others. 

Interradia narrow at the apex and at the peristome, where each 
has a single plate: the posterior plate the largest, and form¬ 
ing alabrura more or less projecting behind the transversely 
elliptical peristome. The postal-lateral interradia are usually 
unsynmictrieal actinally, and the actinal plastron of the posterior 
area may be ainphisternons or rnoridosternous. 

Poriproct in the posterior interradium. Fascicles present or 
absent. Spines slender. Spheridia most numerous in the bivium. 

Unisexual or bisexual, undergoing free metamorphoses or not, 
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It lias often been attempted to arrange the very numerous 
genera, both fossil and recent, of this Family into subfamilies, 
but with very doubtful success, on account of the presence of 
intermediate forms. 

The researches of Loven have indicated that the least artificial 
method of classification, and one which is comparatively natural, 
is to rely upon the subanal fascicle and its complementary modi” 
fications of the posterior ambulacra and their tentacles as a 
taxonomic character of importance, and to consider the other 
fas doles in a secondary sense. 

Division I. The Adetes . All fascioles absent. 

II. The Prymnadetes . Subanal fascicle absent, other 
fascioles present. 

III. The Prymnodesmia. Subanal fascicle present. 

IV. The Apetala . Tests with flush, apetalons, usually 

uniporous ambulacra. 


I. Division Adetes. 

Genus Isaster . 

Epiaster. 

Subgerms Macraster, 

Genus Echinospatagus . 

Ennalaster . 

Heterolampas . 

Megalaster. 

Hemipatagus . 

Platybrissus. 

Paleopneustes . 

Grenus Isaster, Besor , 1858, Synopsis , p. 859. Be Loriol , 1888, 
Pal. de la Province d’Angola, W. Africa, Ech. p. 118, 
pi. viii. 

, Test moderate in size, elongate, cordiform, largest in front, 
contracted posteriorly. 

Apical system compact, slightly excentrie in front. 

Ambulacra slightly diverse, in shallow depressions, long, sub- 
equal ; the anterior with smaller pores than the others, its pores 
elongate, forming a subpetaloid open area; the posterior ambu¬ 
lacra resembling the anteriur pair, but less divergent, the pores 
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of the outer rows elongate, and those of the inner nearly circular; 
petals not closed. 

Interradia large, and the tubercles distant, small, and projecting, 
mamillate, perforate, and crenelated. 

Peristome excentric in front, large, and with a posterior labrum. 
Periproct flush, broadly ovoid, acuminate above and below, supra” 
marginal. Eascioles absent. 

Fossil. Cretaceous: Europe, W. Africa. 

There is no doubt that the genus Epiaster contains species 
which belong to Micraster , the subanal fascioles of which are not 
visible, and some to Ilemiaster . Epiaster de Loriolt, W right, of 
the English Tipper Greensand, when well preserved has a distinct 
peripetalous fascicle, and is a large, squat Ilemiaster. This was 
known to Bone the artist; but Dr. Wright could not see the 
fascicle, which is very apparent in the type specimen in the 
British Museum. Cotteau desired to unite the genus with 
Mieraster ; but there are true species of Mpiaster without a sub- 
anal fascicle, and without the invariably concomitant modifications 
produced by that fasciole, in the plates and pores of the posterior 
ambulacra, so well described by Loven in his 4 Etudes.’ 

Genus Epiaster, lOrbigny, 1853, Pal. Frcmp., Terr. GrSt . Ech. 
vol, vi. p. 186. 

Test moderate and large in size, cor diform in marginal outline, 
rather tumid and moderately high, or depressed and much 
broader than high, with an anterior groove, a rather narrow 
posterior truncation, and a tumid aetinal surface posteriorly. 

Apical system subeentral, with four perforated basal plates, 
and the madreporite usually separating the posterior basal plates, 
or it may be within the right anterior basal plate. 

Ambulacra diverse, the anterior in the groove, with, pairs of 
small, pores on either side; paired ambulacra pctaloid dorsal,ly, 
long, unequal, sunken, straight, divergent, tending to close or 
not; pores elongate and unequal. 

Interradia tumid dorsally. 

Peristome transverse, exeentrie in front, the labrum projecting. 
Periproct oval, longitudinal, supramarginal, placed In a definite 
area. Tubercles small, perforate and creiiulate, with intervening 
miliaries, largest near the margin actinally and upon the sternum. 

Fossil, Cretaceous: England, Europe, 8, Hindustan, W. Africa. 
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Subgenus Macrasteb, F. Boemer (germs), 1888 ,Me-ues Jaftrhf 
Min. u* Geol . Bd. x. p, 191 , pi. vi. 

Peristome without a projecting lab rum. 

Fossil. Cretaceous; Texas, 1ST. America. 

Bi'eynius certainly placed several species belonging to very 
different genera in his Fcldnospatagus; hut Agassiz in 1840 
failed to produce a homogeneous group in Toxaster , which he 
considered to be a good genus and to supersede that of Breynius. 
Since the date of the Catal. Eais., some authors have followed 
Agassiz and others Breynius. At the present time it would be 
justifiable to reject both of the generic terms, but it is as well to 
give Breynius credit for recognizing a very interesting form 
before the days of Agassiz. 


Genus Eghin o spat agu s , Breynius, 1732, BchecUnsma cle Ech. 
p. 61, pi. v. figs. 3, 4 (pars). Loven, 1874. Etudes, p. 58 
1883, Pourtalesia , p. 92. 

Syn. To .vaster, Agassiz, 1840 (pars) ; Desor, 1858, Synopsis, 
p. 350; Be Loriol, 1888 (To.vaster), Panne Crdt. du Portug., 
Ech. ii. fasc. 2, p. 92. Miotoxasier , Pomel. 

Test of moderate size, thin, broadly ovoid or subcordate in 
tumid marginal outline, broadest anteriorly, depressed, swollen 
dorsally and highest posteriorly, with an anterior shallow, broad 
groove and a posterior truncation. 

Apical system excentric posteriorly, rarely central, with four 
perforated basal plates; the madreporite in the right anterior 
basal plate, and extending sometimes centrally, but not sepa¬ 
rating the posterior radial plates. 

Ambulacra diverse, the anterior in the groove; the pairs of 
pores close vertically, and the pores unequal, those of the outer 
row the longest. Paired ambulacra unequal, subpetaloicl, open, 
fiexuous, very slightly sunken or flush, with unequal poriferous 
zones, and the pores of pairs unequal, the outer elongate 
and longer than the inner pores; pairs varying in width, and 
narrowing towards the end of the petals. Anterior paired 
ambulacra divergent but directed forwards; the anterior pori¬ 
ferous zones with smaller pairs of pores than the posterior 
zones. The postero-lateral ambulacra shorter than the others, 
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open, and the pairs of pores of the anterior zones smaller than 
those of the posterior. 

Interradia tumid, the right posterior interradium actinally 
with normal heteronomy, the plates 2 and 8 of zone a being 
united; a sternum not quite symmetrical, but still ampliisternous, 
and no true episternum. 

Peristome ©xcentric in front, subcircular or pentagonal, trans¬ 
verse ; a small posterior labrum. Periproct in the posterior 
truncation. Tubercles distinct, small. 

Fossil . Cretaceous : England, Europe, ST. Africa, Asia (Syria), 

Do loriol has proved the identity of Fnnalaster and liefer aster* 


G-enus Ebtnalastee, d’Orbigny, 1853, Pal. Franc;, vi. Terr. Orel, 
Fch. p. 181. Be Loriol , 1884, Bee . Zool Suisse, i. no, 4, 
p. 622; 1888, Fame Oret. du Poring ., Fell, in fuse. 2, 
pp. 87-92, pis. xvi. & xvii. 

Syn. lleterasier, d’Orb. 1858, 

Test of small or moderate size, cordiform, low, tumid, slightly 
longer than broad, grooved in front, truncated behind. 

Apical system compact-, coinciding variably with the apex, 
may be excentric; four basal plates; the madreporite large, and 
separating or not the posterior basal plates. 

The ambulacra diverse, the anterior broad in the slight anterior 
groove of the test, the broad pairs of pores close in vertical sue- 
cession, numerous, a larger pair alternating with a small pair ; 
the outer row of pores of the larger pairs elongate, and the 
inner smaller and shorter; intermediate small pairs either with 
elongate or circular outer pores, but always smaller than the 
others. 

Petaloid parts of the antoro-lateral ambulacra divergent, 
fiexuous, tending to close, nearly flush, the poriferous zones un¬ 
equal, the posterior the largest, anterior zone may be small; 
postero-lateral ambulacra, short, divergent, zones imeqm.il or not. 

Peristome excentric in front, labiate, wide, arched in front. 
Periproct in the posterior truncation. 

There are no fascicles. 

Fossil Cretaceous : England, Europe, N. Africa, Asia (Syria). 

A careful comparison of the species of FeUnospatagus and 
Fmalasfer leaves great doubts in the mind whether the dif- 
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ferences in the pairs of pores of the odd ambulacrum—the essen- 
tial distinction—are sufficient to separate the genera. Be Loriol 
lias expressed his doubts, but is content to permit the distinction 
to persist at present. It is not possible, however, to admit 
Miotoceaster, Pomel, although Be Loriol names species with the 
title in his £ Eanne Oret. du Portug.’ 

The position of the next genus is doubtful, and it would at 
first sight not be considered a Spatangoid; but Humbert’s 
drawing shows some very definite characters. 

Genus Heierolampas, Gotfeau , 1862, JRev. et Mag. de Zool. 
ser. 2, vol. xiv. p. 198, pi. ix.; Gotten u, Peron if Gauthier, 
1881, Ech.foss . de VAlger, fase. 8, p. 151, pi. xv. 

Test rather large, cordiform in marginal outline, truncated 
and narrow behind, tumid dorsally, longer than broad, highest 
posteriorly, depressed, fiat actinally. 

Apical system snbcentral, large, with four largely perforated 
basal plates, the madreporite separating the posterior basal plates, 
and the antero-lateral radial plates*intercalated between the basal 
plates; the posterior radials in contact and separating the pos¬ 
terior basals. 

Ambulacra narrow, subpetaloid, slightly open, in grooves, sub- 
equal, similar; poriferous zones abaetinally, with large elongate 
outer and smaller comma-shaped inner pores, placed transversely; 
beyond the petaloid parts the pairs are small and close to the 
peristome, one pore is much smaller than the other of a pair. 

Peristome excentric in front, subpentagonal, longest trans¬ 
versely, widely open, without a fioscelle; with a posterior la-brum. 
Periproct oval, supramarginal. Tubereulation scanty. 

Fossil . Cretaceous : N. Africa. 

The genus is evidently closely allied both to Gassidnlids and 
Spatangoids, and should be placed near FcMnosjmtagus . 

Genus Megalaster, Duncan , 1877, Quart. loam* GeoL Soc. 
xxxiii. p. 61. 

Test large, elliptical in outline, with a deep anterior groove 
and small posterior truncation, depressed tumid abaetinally, flat 
actinally. 

Apical system excentric in front, small, with four genital pores. 

Ambulacra diverse, the anterior in the broad deep groove 



099 


PKOF. P. TVf. dufcan’s he vis to f op the 


aborted more or less ; the paired ambulacra witli subequal petaloid 
parts, in deep, straight, or slightly flex no us grooves closed, the 
anterior pair more divergent than the 'posterior, not expanding 
but very equal in breadth. 

Peristome very excentrie in front and close to the notch, large, 
transverse, semilunar, and with a strong posterior labrum. Peri- 
proct large, elliptical, transverse, supramarginal, in the small 
truncation. Tubcrculation very small. No fasciol.es. 

Fossil. Miocene: Australia (see also Quart. Jonrn. Geol. Soc. 

1887 ). 

Genus lira r pat a. a us, .. Desot *, 1858, Synopsis, p. 41G, pi. xlivv 
figs. 1-5. GoUeaii , 18(53, ttch. Joss. d. Pyren. p. 150. 

Syn. Tuber aster, Peroix & G-autliier. 

Test small, cordiform, rather high, highest at the posterior 
truncation, as long as broad, tumid above, notched anteriorly, 
flatfish aetinally* 

Apical system with four perforated basal plates; the madre- 
porite central and extending posteriorly, and separating the 
postoro-lateral basal plates. 

Ambulacra diverse, the anterior with small pores, and the 
lateral ])etaloid, long, and comparatively flush, with sunken pori¬ 
ferous zones. Several large perforate and crenulate primary 
tubercles, in deep scrobicules, wide apart, in the lateral interradia 
abactinally. 

Peristome semilunar, with a projecting posterior labrum; the 
ampivistevrn urn broad, smooth, and worn-looking. Peri proct 
posterior, supramarginal. Fascicles absent. 

Fossil Eocene: Europe. Tertiary: Asia and Java. Pliocene : 
Europe. 


Genus Puatvijrissus, Grille, .18(55, Tuhresb. d. Setiles. Gee. f, 
Valeri* Cult. p. Cl. A. Ayassiz, 1875, Bevisim, p. 502. 

Test moderate, depressed, elliptical, and somewhat rounded in 
the thick amhital outline, tumid dorsally, flat actinally. 

Apical system excentrie in front, small, with four perforated 
basal plates, compact. 

Ambulacra diverse, flush, the anterior with very few pairs of 
small pores; the lateral petaloid, but open at the ambitus, narrow; 
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the pores close, and the outer row the largest; the postero-lateral 
continued over the margin actinally as very broad areas, which 
nearly join and pass forwards on either side of a very linear 
sternum; the antero-lateral with some doubling of pairs near 
the peristome. 

Ornamentation of the interradia of secondary tubercles and 
miliaries, largest near the ambitus, and actinally there are larger 
tubercles, which are more distant, and also miliaries. 

Peristome large, semicircular, exeentric in front, slightly 
sunken, with a feeble labrum, so that the margins are on the 
same level. Posterior interradium actinally with an ill-developed 
narrow sternum, which becomes a small triangular surface behind 
the close ambulacral areas. Periproct pointed, elliptical, marginal. 
Fascicles absent. 

Recent . Position unknown. 

The genus Balaeopncustes , A. Agassiz, is one of the most in¬ 
teresting of the series described by its distinguished founder ; it 
gave him much trouble, and he has pointed out how strange are 
its superficial and positive alliances with Cretaceous, Tertiary, 
and recent types. The difficulty of grasping the true meaning 
of the genus has, in consequence of the association of Lino- 
pneustes with it as a suhgenus, been increased, and it appears 
really straining a point to classify so closely forms with and 
without well-developed marginal and subanal fascicles. It is 
proposed to raise Linopnenstes (p. 258) to the position of a genus. 


Genus Pamoenteustes, A. Agassiz, 1873, Bull Mm. Comp. Zobl. 
Harv. iii. no. 8, p. 188 ; 1874, Hassler Raped. Belt., Mem, 
Mm. Comp • Zool. Harv. no. viii. p. 13 ; 1883, Report on the 
6 Blake 9 Rch. 3 op.eit. no. x, p. 60. (Modified.) 

Test large, with a sharply defined or somewhat tumid ovoid 
ambitus, moderately high, subcorneal or subhemispherica! abaefci- 
nally, broadest anteriorly, broader than high; actinally fiat, with 
a posterior oblique truncation. 

Apical system slightly exeentrie in front, small, with four 
basal plates, three or all perforated, the right anterior containing 
part of the madreporite, which extends beyond, centrally, and 
separates the postero-lateral basal plates and also the posterior 
radial plates, and passes slightly into the posterior interradium. 
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Ambulacra diverse, flush, or nearly so, tlie anterior apetalous, 
with distant pairs of small round pores ; paired ambulacra large, 
seinipetaloid, open dis tally; outer pores of pairs elongate or 
comma-shaped, the inner round; beyond the petaloid portions, 
which are not very long, the pairs are continued as small round 
perforations in the large ambulacral plates to the peristome, 
where the plates become low and where fairly numerous 
pores are in peripodia ; interporiferons areas with miliaries only, 
abactinally, with primary tubercles and miliaries aetinally even 
over the posterolateral ambulacra or not. 

Interradia large, with primary tubercles scattered abactinally, 
and others, more or less numerous, on the plates remote from the 
sutures, crenulate and perforate, more numerous and crowded 
aetinally. 

Peristome excentric in front, large, semilunar, with a large 
projecting labruin; membrane plated. An amphisternum sloping 
on either side to the posterior ambulacra. Periproct supra¬ 
marginal, in the truncation, circular in outline, with numerous 
concentric plates. Spines variable, may be stout and long ab~ 
aetinally or small, always small aetinally, and numerous and 
serrated, some spoon-sliaped or broad at the top ; within cellular. 
Abactinal tentacles branchial, those of the buccal region as pedi- 
cells with a globose top, and with long internal spicules. Fas¬ 
cicles absent, or a doubtful partial marginal. 

Fossil. Eocene (?) : Cuba. 

Mccent . Caribbean Sea. 

The species described by Dames from the Eocene of the 
Yicentin is a Flesioltmpas . (See the similar ambulacra (p. 193). 

1VL Cottcau has described Falmopneustcs Aivtillamm , 1875, 
from a probably Eocene formation in Cuba. 

II. Division Frymnadetes. 

The prymnadete Spatangoidca have not a true subanal fasciolo 
enclosing a plastron, nor are the plates of the posterior ambulacra 
modified as in the Prymnodosmia; yet a linear fasciolo may pass 
beneath the periproct from a lateral or marginal or peripctalous 
fascicle in some genera: one or more of the latter fascicles 
present. 

Genus Eemiaster. 

Subgerms Tripylus. 
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Genus Fciorina . 

Pericosmus. 
Linthia. 
Sckizaster, 
Premster . 
Ornithaster. 
Coraster. 
Agassizia. 
Moira . 

Subgenus Moiropsis . 
Genus Hypsopatagus, 


The genus Hemiaster, Desor, lias been greatly modified of late 
years, and some proposed new genera, which are characterized by 
peculiarities in the apical system alone, hare been shown to be 
o£ no value (Ann. & Mag. Nat. Hist. ser. 6, 1888, vol. ii. p. 329). 
Desor took no notice of the apical system in his first definition, 
but unfortunately restricted the genus, subsequently, to the 
species which had an ethmophraet system, the madreporite being 
in the right anterior basal plate. Loven, A. Agassiz, and Gau¬ 
thier have, however, explained the variability of the position of 
the madreporite and of the number of basal plates and genital 
pores. The classification adopted lately by M. Pomel, M. Munier- 
Chalmas, and by M. Oottean is not consistent with the researches 
of zoologists. 

The following is the first definition of the genus Hemiaster 

Genus Hemiaster, Desor , 1847 5 Catal. Rais., Ann d. Sci. Nat, ser. 3, 
vol, viii. p. id, fig, in vol. vi. pi. 16. fig. 7. 

Small swollen urchins; ambulacra! summit posterior; ambulacra in broad 
shallow grooves, the posterior shorter than the anterior pairs. Peripe- 
talous fasciole angular, encircling the ambulacra! star; no subanal faseiole. 
Differs from Micraster in its more swollen shape and the fasciole. 

Desor divided the genus :—1 type, Posterior ambulacra very 
short and barely half the length of the anterior petals. 2 type, 
Posterior ambulacra almost as long as the anterior, divergent, 
petals. 

In Desor’s Synopsis, 1858, p. 367, the following diaguosis 
occurs:— 

“ Small, squat, short tests, swollen above and at the sides, trun¬ 
cated behind, a shallow anterior groove; apical system compact, 

LOT*. JOURS'.—ZOOLOGY, YOU. IHII. 15 
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with four genital pores. Ambulacra petaloid, limited, concave, 
divergent. Peristome strongly bilabiate, A peripetalous fascicle.” 

This somewhat imperfect diagnosis would contain the Mesozoic 
species and some recent forms; but it excludes certain species of 
Cretaceous, Tertiary, and Eecent ages, if too great a value is 
placed upon the position of the madreporite, the number of 
genital pores, and the existence or not of a lateral fascicle, which 
may be more or less transient. 

It is necessary to revise the genus, and to consider the evidence 
afforded by recent discoveries. It is now beyond doubt that 
some species of Semiaster are viviparous, or rather that the 
female receives the young which have not been freely swimming 
Plutei into her ambulacral petals; that during growth the peri- 
proct is at first above a fasciole, which environs the petaloid 
parts of the ambulacra, and that as the opening becomes lower 
down and more posterior, it crosses and often divides the fasciole. 
Tims badly limited lateral and infra-anal fascioles occur or not. 
During growth the depth of the petals, the position of the 
madreporite, and the number of genital pores varies. (See A. 
Agassiz, Keport on 4 Challenger’ Echini, p. 179.) 

In 1845 Philippi, in Wiegm. Arehiv, p. 844, pi. xi., diagnosed 
Tripylm excavatus, T. cavernosas, and 11 australis, each with 
three genital pores only. He placed Tripylm as a subgenus of 
Spatangus. In 1851 Troschel, "Wiegm. Arehiv, p. 72, wrote on 
the u genus ” Trip plus, and defined it as follows :—Test cordate, 
suborbicular, convex; ambulacra deep, the anterior pair sub- 
transverse ; the dorsal pole subcentral. Genital pores three. A 
fasciole including the ambulacra. 

Troschel divided his genus into:— 

1. Hamaxiim—& line of fasciole passing under the periproct. 
The type was Tripylm (Ilamaxitus ) excavatus, Philippi. 

2. Atrapus —the infra-anal fasciole incomplete. Tripylm 
grandis , Trosch. 

3. AJbatus —no infra-anal fasciole. Species Abatm cavernosas 
and A . australis. 

In 1851 Gray (Aim, & Mag. Nat. Hist, ser, 2, vol. vii. 
p. 182) diagnosed Faorina , and included FcJmensis, F, antarctica, 
and F, cavernosa. The last two species belong to the subgenus 
Tripylm of Philippi. He also noticed Tripyhs to be a genus 
which included a new species, Tripylm Philippi, 

Gray in 1855, Cat. Bee. Eeh. Brit. Mus. p. 58, without noticing 
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Troschel, defined Tripylus as Semiaster with tlie ambulacra 
surrounded by a very flexuous fascicle, with, a lateral fascicle 
separating from it and descending under the vent; ovarial pores 
three or four. He remarked that the genus differs from Desoria 
(. LintMa ) and ScJiimster in the regular cordate form and central 
vertex. He again admitted Tripylus Philippi, Gray, in the 
group, but unfortunately this species is a true ScMzccsier , and 
also T, exeavatus . 

In 1878 A. Agassiz, Eevision, p. 588, placed Tripylus as a sub¬ 
genus of Semiaster , noticed the peripetalous fascicle with con¬ 
tinuous lateral and anal fascioles ; and in the specific description 
of T» exeavatus , the only recognized species, he mentions the 
three huge genital openings. The deep ambulacra were neces¬ 
sarily remarked upon. 

The same author, however, removed the species placed in 
Faorina by Gray and in Abatus "by Troschel, namely 44 cavemosus” 
and 44 australis back again into Semiaster , and observed that he 
could not find a trace of the subanal fasciole figured by Philippi. 

In 4 Les Etudes/ Loven, 1874, pp. 18, 16, pi. xi. fig. 99, a draw¬ 
ing is given of the apical system of Abatus Philippi , Loven, 
1871 ( non Gray, sp.), Ofversigt af K. Vet.-Akad. Pork no. 8, 
p> 1070; and two genital pores are prominent features, their 
basal plates being separated by a long madreporite. On pi. xxix, 
are plans of the test of Abatus Philippi and of the buccal and anal 
plates; and although it is evident that Loven considers Abatus to 
be a genus, the only distinction between it and Semiaster , given, 
refers to the two genital pores and the backward projecting 
madreporite. 

A. Agassiz had the advantage of seeing Loven’s type, and as 
during the voyage of the 4 Hassler ? many other specimens were 
obtained, the results of their examination were published in 1874 
(A. Agassiz, Zool. Eesults of the 4 Hassler ’ Expedition, p. 20, 
pL iv. figs. 4-8). It was shown that the number of genital pores is 
variable, 44 as we find two or three quite indifferently ; the poste¬ 
rior pair of genital openings is always present; if a third exists 
it is the right anterior one usually, but sometimes the left.” A. 
Agassiz terms this form Semiaster , and gives Abatus as a syno¬ 
nym. He places Tripylus cavernosas as a Semiaster , and only 
recognizes Tripylus exeavatus , Phil. 

Mr. Edgar A. Smith (1879, Phil. Trans. Roy. Soc. clxviii. 
p, 271) placed under Semiaster the Abatus cavernosas, and its 
synonyms (generic) Brissus , Tripylus , Faorina . 


15* 
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Iii the Eeport on the 4 Challenger 5 Echini, 1881, p, 182, A. 
Agassiz united the species Tripi/lus cavernosas and T. australis , 
and absorbed them and Ahatus Philippi , Loven, in the genus 
Semiaster ; he noticed that in a full-grown specimen of the spe¬ 
cies “ cavernosas ” he could not find an anal fascicle. That was 
in accordance with Troschel, but in young specimens distinct 
anal fascicles joined to lateral ones existed, whilst in still larger 
tests the lateral fascicle had disappeared, the linear subanal 
remaining (p. 177). 

The sex has much to do with the variation in structure of the 
apical system, and the number of pores is two or three; the 
female which was drawn (pi. xx a. fig. 19) had two genital pores 
only, the males have three. 

In c Pourtalesia/ 1883, p. 72, Loven holds his ground with re¬ 
gard to the generic value of Ahatus , and attributes it to Troschel. 
Certainly Ahatus was a section of Trip plus according to Troschel. 
Loven gives the synonymy of the species “cavernosas” and 
“ australis ” and it is interesting to observe that ho is alone in the 
employment of the term Ahatus . But although there may be a 
difference of opinion regarding the classification employed by the 
illustrious Professor, everybody must admire and bo thankful for 
the anatomy given by him of the young “ cavernosus whatever 
its correct generic name may be, in which lie indicates a fifth 
basal plate placed between the posterior radial plates and bearing 
the madreporite. Moreover, he has shown how homogeneous a 
group the ethmophraet species of Hemiaster are, and that to 
introduce the others within the same category would violate 
the simplicity of the genus as established by Desor. But it 
must be conceded that Loven’s teaching infers evolution of the 
ethmolysiau from the ethmophraet “calyx,” and if the modem 
species of Hemiaster of the first group are the descendants of 
the ancient ethmophracts, surely it is a reason for preserving 
the genus with necessary modifications. 

After what has been written, it appears necessary to absorb 
Ahatus in Trip plus as a subgenus of Hemiaster . The attempt to 
divide the genus Hemiaster by grouping the species with four basal 
plates, each perforated, and having the madreporite separating the 
postero-lateral basals, under the genus Trach/aster , Pomel, will 
fail amongst the students of the recent fauna. The distinction 
is specific, and the so-called germs lapses. Ditremaster of M- 
Munier-Chalmas. (1885, Compt. Eend. Acad, Sci. 2 semestre, 
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p* 1076), quoted by M. Ootteau in Pal. Franp. (1887, Terr. 
Eocene, p. 411), is the same thing as Abatus , sensu Loren, and 
is synonymous with Tripylv.s (see Duncan & Sladen, 1888, Ann. 
& Mag. Hat. Hist, in p. 833). The history of the species “ caver- 
nosus ” should have been studied by the distinguished French 
Echinodennatists. Ditremasier is of no classificatory value. 
It appears to be reasonable, under the circumstances, to add 
to and alter slightly the Besorian diagnosis of Hemiaster, and 
to divide the genus into two types in reference to the position 
of the madreporite, the number of genital pores depending 
much upon the position of that upper end of the water-system. 
Finally Tripylus, with its persistent or evanescent latero-anal 
fascicle, may remain as a subgenus which will include Ah edits, 
and it will come within the second division of the genus. I have 
found that Mr. Bone, who was Dr. Wright’s artist, was correct 
in drawing a peripetalous fasciole in Ep Ulster Be LorioliL 
Wright. The species was placed in Hemiaster by Dr. S. P. 
Woodward ; and therefore there is a large llierasier-liVQ Hemi¬ 
aster in the Upper Greensand with a delicate peripetalous fasciole, 
and this is the sole distinction from Epiaster . 

Genus Hemiaster, Desor, 1847, Cat RaisAnn. d. Scu Hat. 
vol. viii. p. 16; 1858, Synopsis, p. 367. A. Agassiz, 1872-74, 
Revision , p. 585 ; ‘ Hassle A Echini , p. 20; 1881, c Challenger ’ 
Echini , p. 177, pi. xx a. E. A. Smith , 1879, Phil. Trans . 
Royal Soc , vol. elxviii. p. 271. Lovm, Etudes , 1874, pis. xi, & 
xxix.; 1883, Pmvrtalesia , p. 72. Gauthier , 1887, Assoc . 
Fntng. Sol. p. 406. Duncan Sf Sladen , XSS8, Ann. A Hay. 
Hat. Hist. ser. 6 , voh ii. p. 329. Be Loriol , 1888, Eaune 
Cret. du PoringEch , vol. ii. fa sc. 2, p. 98. 

Syu. Trachy aster, Pomel; Abatus (sensu Loven); Leucaster , 
Gauthier, 1887 ; Perionaster , Gauthier, 1887 ; Ditremasier , Mu- 
nier-Clialinas, 1885 ; Opissaster , Pomel (pars). 

Test moderate and rarely large, cordifbrm in tumid marginal 
outline, with a more or less well-defined anterior groove, 
narrowest and truncated posteriorly, undulating or gibbose at 
the sides, short or longer than broad, highest subcentrally or 
posteriorly to the true centre, varying in height, tumid in the 
interradia dorsally, often keeled posteriorly to the vertex* 
Actinal surface swollen behind the peristome. 

Apical system subcentral, with two to four basal plates, rarely 
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a fifth basal, two, three, or all perforated by ducts; the madre¬ 
porite in the right anterior basal or extending centrally and more 
or less posteriorly, separating the postero-lateral basal plates and 
sometimes the posterior radial plates also. 

Ambulacra diverse, the anterior in the groove; the pores 
oblique, in pairs on either side, plates numerous and low ; antero¬ 
lateral ambulacra petaloid dorsally, sunken, more or less tending 
to close, diverging; the postero-lateral ambulacra with shorter 
petals than the antero-lateral or subequal, not so divergent; the 
pores of the petaloid parts of both of the ambulacra subequal, 
sometimes diverse, usually in narrow grooves, the outer pores 
usually the larger, elongate; actinally the posterior ambulacra 
are broad on either side of the tumid sternum, the pores beyond 
the petals distant but in pairs. 

Interradia narrow at the apex and also at the peristome, with 
but few plates, many tumid; a small labrum anterior to an 
amphisternum; the episternura not developed; the plates below 
the periproct subequal. Normal heteronomy of right posterior 
interradium by union of the second and third plates of zone a . 

Peristome exeentric in front, transverse, open, semi-lunar, with 
a posterior labrum and often with raised antero-lateral edges. 
Periproct ovoid or elliptical, long vertically, high in the posterior 
truncation. Ornamentation small, a few primary tubercles per¬ 
forate and erenulate, closest and largest actinally near the 
margin and on the sternum; miliaries abundant. 

A peripetalons fascicle encircling the petaloid parts of the 
ambulacra, crossing the anterior groove and the keel behind the 
vertex, angular or subcircular, variable in its entry between the 
petals. Large disciferous tentacles within the fascicle on the 
anterior ambulacrum, others more or less branchial on the 
petals. Spines small, largest actinally and at the edges of the 
petals, which they may cover over. Depth of ambulacra! petals 
variable according to age and sex, used as marsupia in the females. 

Type I. JSthwphractL —With four perforated basal plates, the 
madreporite in the right anterior basal plate and not 
separating the other basal plates. 

Type II. Mthnolym. —Two or three, rarely four, basal plates 
with genital ducts; the madreporite passing centrally and 
posteriorly, separating the postero-lateral basal plates and 
in some the posterior radial plates also. 
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Leueaster , Gauthier, 1887, Bull. Soe. d. Sci. Hist, et Nat. cle 
l’Yonne, vol. 41 e (pub. 1888), p. 386, is a Hemiaster with very 
small pores in. the anterior zone of the antero-lateral ambulacra 
near the apex. 

Perionaster, Gauthier, 1887, ibid. p. 389. The type is a very 
small immature Hemiaster , with a remarkably developed peri- 
petalous fascicle, see H. expergitus, Loven. 

Type I.— Fossil. Cretaceous: England, Europe, N. Africa, 
Arabia, Hindostan, N. and S.; N. America ? 

Recent. E. Atlantic; W. of Spain; Caribbean Is., 464-485 
fms. 5 Bahia; Canaries, 620-750fms. *, Japan; Arafura Sea, 845- 
800 fms. 

Type II.— Fossil. Tertiary: England, Europe, W. Indies, JNL 
Africa, Egypt, Asia, Sind; Australia?; Java, N. America. 

Recent . S. Hemisphere, Patagonia, Chili, Magellan, La Plata 
coast, Kerguelen, Heard Is., Staten Land, South Polar Seas. 

Subgenus Tuipylus, Philippi , 1845; Troschel , 1851 (genus), divi¬ 
sion Hamaxitus, Wiegm. Arch. 1851, p. 72. 

Syn. Abatus , Troschel. 

Hemiasters with two genital pores in the female and three in 
the male, the apical system Ethmolysian, may have a fifth basal ; 
peripetalous fasciole (around petaloid ambulacra deeply sunken 
in the female); a slender latero-anal fasciole, which may be in¬ 
complete. Type T. excavatus , Phil. 

Recent : Patagonia and Chili. 

Genus .Faorika, Gray, 1851, Ann. Mag. Hat. Hist. vol. vii, 
p. 132 ; 1855, Cat. Rec. Fch . Brit. Mus. pt. i. p. 56 (pars), 
A . Agassiz , 1872-74, Revision, pp. 129, 607, Loven , 1874, 
Lillies, pi. xxvii. 

Test moderate in size, broadly cordiform in outline, grooved in 
front, narrower and truncated posteriorly, high and subcouical. 
The vertex is central. 

Apical system excentric in front, with four basal plates, two 
of which, or sometimes three, are perforated; madreporite pro¬ 
jecting backwards. 

Ambulacra dissimilar, the anterior in the groove with minute 
pairs of pores abactinally, and larger and more distinct actinally ; 
the antero-lateral straight, sunken, divergent, open distally, the 
pairs of pores indistinct near the apex and elsewhere large and 
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regular; the zones are nearly parallel; interporiferous area 
smaller than the poriferous zones ; the postoro-hiteral straight, 
sunken, open, shorter where petalohl than the ail hum-lateral and 
not so divergent, pores as in the other pair. 

Peristome exeentric in front, slightly semi!lunar, hut narrow 
from before, backwards and generally small; a broad posterior 
labnim. A narrow ampliistemum, hounded by broad ambulacra! 
areas. The convex actinal surface with small interradial plates, 
tho right posterior interradium with abnormal (or ancient) hele- 
ronomy, the second plafes of zones a and b uniting. Periproct 
elliptical at the upper part of the posterior in meal ion,. 

A peri petalous fascioie following the general outline of the test, 
and the anterior part of it double and with or without offshoots. 
A very slender linear iniTa-a nal fascioie extending from below tho 
periproct to the ambitus near the ambulacra. Horizontal sut ures 
often bare. Ambulacra hare on either side of a tuhcrculato 
sternum ; tubercles uniform from tho ambitus toihcperipctalouH 
fascioie, larger above it and adjoining the petals. 

Recent . China. One species, F. cldnenm, Gray. 

The sub anal branch is not sufficient to modify the posterior 
ambulacra! plates, and does not hound a plastron. 

Genus Pericosmits, Agams, 1847 (subgenus), Octal Bak., 
Ann. (L Sd. JS r af . ser. 3, vol. viii. p. I f). JlarMok, 1854, Jam 
Edi. pt. 4, p. 16. J)em\ 1858, tit/nopm, p. 306. McCoy, 
1882, Prodr. Pah Viet. dee. vii. pp. 15-21, pis. O'MkS. 
Dane an, 1887, Quart . Journ. Gaol. >%t\ vol xliii. p. 423, 
Test moderate to very large in size, thick, wuhoordifonn, elon¬ 
gate or short, tumid, and depressed dursaily, with a well-marked 
anterior groove, and more or less truncated posteriorly. 

Apical system suboentral, compact and small; number of 
genital pores variable. 

Ambulacra diverse, tho anterior in the groove with small pairs 
of pores; tho animm-iaieral divergent, long, sunken, the poste¬ 
rior shorter and closer, pores unequal 
Periproct largo, exeentric in front, labiate. Periproct oval 
upon tho posterior surface. Ornamentation small 
A peH petitions fascioie circumscribing the polaioid parts of tho 
ambulacra, and a marginal fascioie passing all round the tosh 
‘Sometimes slightly disconnected. 

''jVbssil ."Upper Cretaceous (P). Eocene: Europe, bh Africa 
Java* \ Miocene: Australia, 
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M. Oottcau, Ech. Foss, do PAlgerie, 1885, fuse. 9, p. 08, men¬ 
tions that M. Pom cl (insiders that I\ Nicaisei, Pom., has an 
apical system like Micraster, hut that he finds three genital pores. 
He states that the greater number of species have only two genital 
pores. This is but one of the many proofs that the number 
of genital pores in a species is not a guide to its generic position. 

Agassiz regarded Fcricosmus as his third division of ILemiaster. 

Genus Lintiha., Marian , 1853, Note mr les Ech, Aetes Soc. 
Jlelv, p. 278. Denor , 1853, Synopsis, p. 395. A. Agassiz, 
1872-71, Revision , pp. 138, CO! ; 1881, Report on c Chal¬ 
lenger 9 JMi, pp. 199, 201. Loren, 1874, Eludes, pi. xxviii. 
JE. A . Smith, 1878, Ann. Mag. Nat . 1list. ser. 5, vol. i. p. 67. 
Goitean, 1887, Lull Soc . Zool. France, vol. xii. p. 556. 

8yn. Desoria, Gray, 1851; Rev taster, d’Orb., 1854. 

Test variable, small to large, oval or cordiform, grooved ante¬ 
riorly, subaeuminate or truncated posteriorly, tumid and gib bo sc 
dorsally, almost flat aciinally. 

Apical system small, excentric in front; four perforated basal 
plates ; the madreporite separating the posterior basal plates and 
also the posterior radial plains. 

Ambulacra diverse; the anterior in the broad groove, the 
pores round and small; the antero-lateral long, with the petaloid 
parts in grooves, moderately long, divergent, pairs of pores 
equal or subcquul, nearly closing disfally ; postero-lateral ambu¬ 
lacra! petals also in sunken grooves, less divergent and shorter 
than the others. Ambulacra forming the greater part of the 
peristoxnial margins, and moderately broad on either side of the 
sternum. 

Peristome excentric in front, semilunar, with a well-developed 
posterior labrunu An amphistermnn; the second plates of both 
of the zones of the right posterior ambulacrum united, so as to 
produce ancient hotcronomy. Periproct at the upper part of the 
posterior truncal ion. 

A. peripetalous fascicle entering the interradia, a lateral 
fascicle starting from the peripetalous close to the antero-lateral 
ambulacra and passing beneath the periproct. Tubercles crowded, 
largest aetinally, usually crenulate and perforate, and either on 
flat or in sunken serobieules. 

Fossil. Cretaceous: Europe, Africa, N. America. Tertiary : 
Europe, Africa, 'W. Sind, W. Indies. 
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The S. Hindostan Cretaceous species are now placed mvhr Ilemi- 
aster by Stoliczka. Periaster, d'Orb., covers the Name ground as 
Linthia ; but see A., Agass., 1883, Report on c .1 Halve 5 Kehini, p. 77, 

Recent,&& Desoria, Gray, 1851 & 1854, Oat. Itev. Kek Brii. M us. 
p. 58; and Periaster, A. Agass. sp., 1888, ‘iilakcO Echini, p. 77 
Australia, Tasmania., Pacific Mauds (?); ArafunwSoa, \¥« 'Indies. 

Genus Schizastek, Agassiz, 1847, CataL Bais., Ann, d, Sal. Mai* 
vol. viii. ser. 8, p. 20. Desor, 1.85S, Synopsis, p. 889. A* 
Agassiz, 1872-4, Ji 'e-vision, pp. 303, (509 ; 1881, Report on 
‘ Challenger' Meh. p. 191); 1883, c Bhd'td Ech . p. 74. low, 
1874, Etudes , pL xxxi. 

Syn. Opmasier, Pomel (pars); Periaster, sensu A.. Agass. 

Test thin, small to large, tall to depressed, cord!form in tumid 
marginal outline, sloping up to the posteriorly e.x centric apical 
system; highest behind and truncated or acuminate posteriorly, 
may project there, slightly tumid aetinaily, with abroad and deep 
anterior groove, which marks the dorsum. 

The apical system moderate in size, with two, three, or four 
basal plates perforated, and the rnadreporite extending cen¬ 
trally and posteriorly, and separating the posterior basal and 
radial plates. 

Ambulacra diverse, the anterior in the groove and with close 
oblique pores in pairs, either in a single row on either side or 
confused and crowded: paired ambulacra petaloid, much sunken ; 
the anterior flexuous, longest, only slightly divergent and extend¬ 
ing forwards; the posterior smaller and closer, often very small; 
the poriferous zones broad and closing d is tally. The ambula¬ 
cra! areas on either side of the long sternum are narrow. Tina 
interradia- arc more or less gibbose and broad, and the second 
and third plates of zone a of tlio right posterior area urn,fused 
aetinaily. 

Peristome exeentric in front, semilunar, with a projecting 
posterior lab mm and a large amphistormim. feripmd in the 
p os tori or truncation. 

Ornamentation closo and homogeneous, largest udinally and 
anteriorly. Spines short, slightly curved abactimilly, and club- 
shaped at lire end, larger and longer actinally, a tuft over the 
anal system, and two lateral tufts, rather closes at Use end of 
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the aetinal plastron, Fascicles: a peripetalous, and usually 
a lateral, which diverges from the former near the ends of the 
antero-lateral petals and passes beneath the poriproct. 

Fossil. Tertiary: England, Europe, India, Australia, West 
Indies, N. America, 1ST. Africa. 

Recent . IN’.E. Atlantic coast, Florida, West Indies, S. America, 
Cape of Good Hope, Mediterranean, Red Sea, Indian Islands, 
Japan, Philippines, China, Arafura Sea, Fiji, Marion and Ker¬ 
guelen Islands (87-1507 fms.). 

The synonymy of this genus is given by A. Agassiz in his 
c Revision! Unfortunately S. gibberulus has been placed in 
Agasskia by M. Cotteau, and subsequently in Anisaster , Pomel. 
Apparently the genus Pavasier , Pomel, is a synonym. 

Genus Pren aster, Besov, 1853, Note sur les Ech, Act. de la 
Boc. Held. d. Bci. Nat. p. 279; 1858, Synopsis, p. 401. 
Duncan 8f Bladen, Pal . Ind. ser. xiv., Foss. Fch. W. Bind , 
pt. ii. p. 90, pL xix. 

Test small or moderate in size, ovoid in marginal outline, 
rounded in front and truncated posteriorly, tumid and depressed 
dorsally, but rather boldly arched, convex behind the peristome 
actinally. There is no anterior groove. 

Apical system very exeentric in front, small, with four perfo¬ 
rated basal plates, and the madreporite passing backwards and 
separating the posterior basal and radial plates. 

Ambulacra diverse, the anterior flush, with pairs of small 
oblique pores; the paired ambulacra in very faint grooves, not 
dosing, subpetaloid, almost straight; the anterior the longest and 
very divergent; some slight difference may exist between the 
dimensions of the anterior and posterior rows of pairs of pores in 
the antoro-lateral ambulacra. 

Peristome exeentric in front, with a strong labrum. Periproct 
at the top of the posterior truncation. 

Tubercles small to moderate, scrobiculate, perforate and crenu- 
late, largest aetinally. 

A peripetalous fascicle wanting anteriorly, not extending 
beyond the point of junction with the marginal fasciole. A 
marginal fasciole surrounding the test, dipping down in front, and 
passing below the periproct behind. 

Fossil . Eocene; Europe, Asia (W. fcfind), N. Africa. 
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Genus Ootiticastmti., Gotleau , ,1880, /v?/e m/ /m/' comma. 
Bulk Soe. Zook tie France, vol, xi. p. 710. 

Test moderate in size, thick, slightly elongate, tumid above, 
broadest and rounded in front, subt runcaled behind, highest near 
the posterior surface, broader than high. No anterior groove. 

Apical system e.vetoitrie in front:, subcompad, wifb four close 
genital pores. 

Ambulacra dissimilar, all Hush, narrow, and enlarging slightly 
to the ambitus ; the anterior without a groove*, with simple pairs 
of pores arranged more or less obliquely. The paired ambulacra 
slight ly subpetaloid, open ; the inner pores circular and the outer 
comma-shaped ; pairs dost* jvbactinniiy ami distant at the ambitus. 
Interradial ornamentation of numerous small serobicuiate 
tubercles most frequent actimdly and much granulation. 

Peristome rather large, subcircular, superficial, slightly ex- 
centric in front, 'without a trace of labrum or phyllodes. Pori- 
prod; circular, at the summit of the posterior truncation, 

A peripetakms fascicle well, developed, not sinuous, approach¬ 
ing the periproet, but anteriorly and superiorly, and crossing the 
ambulacra above the ambitus and sloping in limit so as to be at 
a much lower level there than posteriorly. 

JfossiL Eocene: Europe (Spain). 

M. Cottoau places the genus near Cormier, Cot team 

Genus Cora.stkk, Col (mu , 1880, Bull. Sue. Zook do France, 
vol. xi. p, 708. Sen nee, 1888, Bulk Soe . Ocok tie France, 
ser. 8, vol. xvi. p. SOL 

Test small, thick, circular in marginal outline, subtruiiealed 
posteriorly, regularly tumid and high dorsally, A very snm.il 
nn ted or furrow. 

Apical system subcompact, with four bawd plates and each with a 
pore, and tin* nuulrepurite not separating the postero-luteral plates. 

Ambulacra dissimilar, Hush, straight', narrow, enlarging with, 
approach to the. ambitus; the anterior with minute distant pairs 
of pores; the paired ambulacra with the inner row of pores 
circular, and the outer comma-wimped and oblique. 

Tubercles abundant, small, smdueulute, and with homogeneous 
miliarioH. 

Peristome very exmil rie in front, slightly sunken, subcireular, 
and'With a posterior labrum which projects. Peri prod circular, 
at the top of the posterior truncation* 
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Fascicle peripetalous, well developed, subcircular, sloping 
downwards and forwards, cutting across the ambulacra tar .above 
the ambitus, nearly circular but slightly angular in the postero¬ 
lateral interradia. Pores below the fasciola circular and similar. 

Fossil Upper Cretaceous or Eocene: Europe (Spain, France) ; 
Asia (Turkestan). 

Genus Agassizia, Valenciennes, 1846, Voy. cl Venus , pL i. fig. 2. 
Agassiz, 1847, Ann. cl Sci. Wat. vol. viii p. 20. Liitlcen , 
IS 63 (pub. 1864), Vicl Meckl f. Wat. For. i If job. p. 134. 
A. Agassiz, 1872-4, Revision , pp. 88, 353, 594 ; 1883, 

4 Blake 5 Fch. p. 71, pL 25. Loven , 1874, Eludes , pL xxx, 
figs. 191-193; 1883, Rowrtalcsia , pi. x. fig*. 93. 

Test thin, ovoid, moderate in size, truncated posteriorly, tumid 
and subhomispherieal dorsal ly, highest posteriorly, without an 
anterior groove, rather flat actin;illy, with a convex surface 
behind the peristome. 

Apical system excontric or subcentral posteriorly, or not; 
small, with four close perforated basal plates. Madreporito in 
the right anterior basal. 

Ambulacra diverse, the anterior in a very narrow depression; the 
pairs of pores small and distant, the tentacles with a sucker and 
penieillato; the anterodutoral ambulacra divergent, long, open, 
slightly cm'veil, with the anterior row of pairs of pores absent;* 
postero-lateral shorter than the antero-hitcral, closer, and with 
both rows of pairs of pores developed. Plates 2 and 3 of zone a 
of the right posterior interradium fused. 

Peristome very excontric in front, narrow, tninsver§V<^^a 
posterior lab rum and a well-developed amphistcrmifli; peri- 
stomial pi ales rather large near the anterior margin. Periproet 
elliptical, transverse, in the posterior truncation, its plates large 
near the edge. 

A peripetalous fascicle entering the angles of the interradia, 
especially posteriorly. A lateral fascicle arising from the peri- 
pctalous close to the distal ends of the aidcro-lateral ambulacra 
and passing backwards to reach the posterior surface of the test 
below the periproet. The anterior part of the peripetalous 
fascicle dips down so as to be visible from the aetinal surface. 

Spines delicate, and those of the miliaries club-shaped. Ambu¬ 
lacra! pcdieellame small-headed, long-stemmed, articulated at 
the base. Tentacles, some of the anterior near the apical system 
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fimbriated like the buccal, others disci fcroiw; within the petals 
the tentacles arc broad, compressed, lobed, beyond simple ; buccal 
tentacles pedicellate. Anal plates large, often less than eight, 
and projecting. 

Fossil. Tertiary; N. America, West Indies. 

Memil . Florida, (tulf-stream, Caribbean Islands, Peru, Panama, 
Gulf of California, 30-391. fins, 

Agassizia gihherula, Colt, in a lapsus calami, it is a Sehlzaster, 

Genus Mo.nu, A. Agassiz, 1.872, .Ravision of (he Echini , p. 305. 

vSy n. Mount, Michel in, 1855 ; Liitken, 1803 (pub. ISO!), VuL 
Medd. f. Nat. For. i Kjob. p. 123. 

Test moderately high, thin, tumid abactinally and rounded 
from side to wide, aciinally. 

Apical system subeentral, with two of the basals perforated 
for genital ducts. 

Ambulacra resemble narrow and deep slits starting from the 
summit; the anterior notches the front of the test and the 
groove is continued to the peristome. Coronal plates tumid, 
except near the sutures. 

Peristome exconfcric in front, semilunar, and with a projecting 
posterior lip. Periproct on the truncated posterior surface. 

A poripetalouB fasciole clings to the very edges of the deep 
ambulacra! grooves. A latcro-anal fasciole* Tubercles small 
The anterior ambulacrum is sometimes divided, and all the ambu¬ 
lacra form broad projections on the inside of the test. 

Fossil. Miocene: Sind. Post-Pliocene: S. Carolina. 

IIemit 'Red Sea, Zanzibar, West Indies to N. Carolina, Cali¬ 
fornia., GO fm's. 

Submenus Motuorhih, A* Agassiz, Report i Challenger * Eehin. 
p. 205, pi xxxvi. ligs. ■1-7 (1881). 

Tent high, cordate, the high incurved posterior surface extending 
interiorly into a backward, prominent and well-developed beak. 

Anterior ambulacrum shorter than the anterodatom! and 
longer than the very short posterior ambulacra; all arc pctaloid. 
The anterior ambulacrum is the broadest and the postero-lateral 
arc very small The anterior ambulacrum has a pctaloid end 
which is in the shallow anterior groove. 

The poripetaloua fasciole is small, and the latero-anal is well 
developed and passes from the peripotalous fasciole, about hall¬ 
way down the anterodateral petal, and crosses the side of the test 
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obliquely so as to pass over the posterior face at some distance 
below the top of the test and the periproct. 

Recent. Indian Archipelago, 129 fins. 

The subgeneric character is the shape and relative size of the 
anterior ambulacrum. 

Genus ITapsopatagus, Romel, 1883, Theses , p. 31. (Slightly 
enlarged.) 

Syn. Meter opneustes, Agass. (pars). 

Test moderate and large, tumid in ovoid outline, depressed and 
tumid dorsally, rostrated posteriorly and truncated. 

Apical system subcentral, or slightly excentric in front. 

Anterior ambulacrum in a slight groove; pores simple. Paired 
ambulacra either long and grooved, or shorter and broad and 
semi-flush ; the poriferous zones slightly sunken, and the inter- 
poriferous areas ornamented and tumid. 

Peristome excentric in front, semilunar, transverse. Periproct 
in the posterior truncation. A peripetalous fasciole including 
scarce or moderately close primary tubercles. 

Fossil. Eocene: Europe and Africa and Asia. Miocene: N. 
Africa. 

M. Pomel cites as the types II. Meneghinii and II. Ammon, 
and the Sindian species of Maeropneustes become Jlypsopatagus 
speciosus , Dune. & Sladen, II. rotundus, Dune, & Sladen. 

III. Division R rymno desmi a. 

Spatangoidea with a subanal fasciole, and the plates of the 
postero-lateral ambulacra within the fascicle modified, and their 
pores also. Other faseioles may exist. 

Genus Micraster. 

Subgenus Brissopneustes. 

Genus Brissus . 

Subgenus Meoma. 

Genus Spatanyomorpha. 

Troschelia . 

Metalia . 

Rhinobrissus. 

Brissopsis. 

Subgenus Qyclaster, 

Genus Brissopatagus. 

Spatangus . 

Subgenus Loncophorus. 



240 


PROP. 1\ M. BlTKOiVN » HE VISION OP TUTS 


Genus MareHa. 

Eupatac/us . 

Snbgeuus Macropneitstes, 

G cnus Nacospatangus. 

Gualtieria . 

Linopneustes. 

Neopneustes. 

Cionohmsus. 

EcMnocardium. 

Breynia. 

Lovenia . 

G'onus Mk:jraster, At/ams^' 1810, Oat, Bpt. p, 2; 1847, Out, 
J&titt., -.km. <7 Bet, jYaf . ser. 8, vol. viii. p. 28. Donor, Sj/nopais, 
1858, |>. 8(50. Lore a , 1874, Elmira, pis. xi., xxxiii. Duncan 
if Bladen, 1,881, JAm. .Ech, IV. Bind, pi;, iii. p. IS!), pi. 
xxxvii. (Pal, Inti . sor. xiv.). Gauthier, 1887, I^/Z. <7, 

ScL lint, et Nat do V Yonne 3 vol. 41 e (pub. 1888), p. 307. 

Test moderate or large, cordiform, narrowest and truncated 
posteriorly, tumid, rather depressed. 

Apical system excentrie in front, small, with four perforated 
basal plates, rarely with only three perforations; the maclreporite 
either restricted to the right anterior basal, or passing beyond 
it and separating the postero-lateral basal plates. (The Tertiary 
species have only three genital perforations.) 

Ambulacra diverse, sunken; the anterior apetaloid, with the 
small pairs of pores becoming distant towards the ambitus; the 
an I,ero-lateral ambulacra subpetaloid dors ally, diverging, longer 
in the subpetaloid part than the postero-lateral; postero-lateral 
ambulacra forming a slight angle at the apex; pores of both areas 
elongate. 

imtorradia with large plates; neiinaily the right {X>st;etm4ateral 
area has the second and third plates of zone a coalesced, the cor¬ 
responding plates of; the left postern-lateral (4) interradium being 
separate. A symmetrical amphistornum, but without an. opi- 
Bternum; many plates between the sternum and the periproct, 
which is oval and high up in the truncated or grooved posterior 
face, and sometimes overhung by the end of the keel of the 
posterior intemidium. Subauul fascicle broad; the sixth amlm- 
lacral plate and four others being altered in shape, and each 
having a pair of pores within the fascicle. 
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Peristome excentric in front, transversely elliptical, with a 
small posterior projecting labrum. 

Ornamentatiou of very small raised perforate and crenulatc 
tubercles abactinally, with numerous small granules which are 
very marked in the anterior groove; tubercles larger, sunken 
and surrounded by granules actiually, and crowded in lines on 
the post-oral region. 

Fossil. Cretaceous : England, Europe, Africa, S. Hindostan. 
Eocene: Asia (Sind). Miocene: Australia. 

Lovon has pointed out that the episterniun is not developed 
in this genus, which is nevertheless amphisternous, the arrange¬ 
ment foreshadowing that of the later Spatangoids. The forms 
included in the genus have an Ellmiophract apical system, the 
fifth basal plate being absent, and the madreporite sometimes 
slightly separates the postoro-lateral basals. There are some 
plates of the bivium between the petaloid part and the subanal 
fascicle which are uuiporous ; blit all the plates of the trivium 
are biporous. The petaloid arrangement is rather imperfect, the 
distal ends not absolutely closing; usually the grooves between 
the plates of the ambulacra, except the anterior, are very distinct. 

{Subgenus Beissopneustes, Ootteau , 1886 (genus), Bull. &be. 
Zool. tie France, vol. xi. p. 712, pi. xxiii. figs. 9-12. 

Test small, oval, ovoid, elongate, narrowest and truncated poste¬ 
riorly, tumid dorsally and slightly actiually. 

Apical system excentric in front, small; four basal plates in 
contact and three are perforated. The madreporite in the right 
anterior imperforate basal plate. The anterior poriferous zone 
of the antcro-laleral ambulacra smaller than the posterior zone. 

Fossil. Eocene: Europe. 

In dealing with the affinities of this somewhat doubtful genus, 
M, Cotteau compared it with Isopneustes , Pomcl, 1888, Theses, 
p. 43, a genus (?) which was defined in relation to Mieraster , and 
has £S pas de fascicle peripetalo, ni probablemenfc de sous-anal.” 

M. Beimos, 1888, Bull. Soc. Grcol. do France, vol. xvi. p. 793, 
states that there is a partial peripetalous fasciole in Isopneustes , 
and hence the genus has not been sufficiently diagnosed. 

G-enus Beissus, Klein, 1734, Nat. JDisp. Fell . p. 36. Gray, 1825, 
Ann. Phil . p. 9, Agassiz $ Fesor, 1847, Oat. BatsAnn. d. 
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/$W. A%/. sor. 3, vol. viii* p. 12. Demy, 1858, fttjuopm, 
p. *103. A. A(/(mh , 1872, He vision, pp. 00, 35(J, 5*. Hi, JJolm, 
1872, Spat any, (L Ha mb. Mas. p. 1 L. I,oven, 1874, Mimics, 
figs. 43, 122 ’ 123, 202-201. (Amended) 

Syn. Bykmmorpha, Laubo ; Jfeferobrissus, Manz. & Mazz. 

Test moderate and large, ovoid in tumid marginal outline and 
narrowest posteriorly, regularly convex but depressed dorsally, 
tumid and convex actinally, except in front of the peristome, 
truncated obliquely downwards and forwards at the posterior 
surface below the ambitus, or straight; no anterior groove be¬ 
yond some slight local depression. 

Apical system excenlric in front, the four basal plates perfor¬ 
ated, and the madreporito extending from the right anterior basal, 
centrally, and thence posteriorly so as to separate the postero¬ 
lateral basal and radial plates. 

Ambulacra diverse, the anterior flush or in a very slight de¬ 
pression ; the pairs of pores small and closest ahaeiinally ; antero¬ 
lateral ambulacra very divergent, nearly forming a straight 
transverse lino, in grooves of varying depth, the petaloid parts 
shorter than the corresponding parts of the postero-lateral am¬ 
bulacra, which are comparatively clone together; the pores of 
the inner rows of a round or slightly elongate shape, and those of 
the outer rows elongate ; petals with narrow interporiferous areas 
and the pairs tending to close, the distal ends of the postero¬ 
lateral petals diverging outwards or not. Actinally the postero¬ 
lateral ambulacra are very narrow and long, with few single 
pores, more numerous at the peristome. 

Inter rad i a large actinally, with very large second and third 
plates; normal heieronomy of interradium L 

Peristomeexeentrie in front, semilunar, with a large projecting 
posterior lab rum, behind which is a. broad ampiiisternum; spin- 
ridia numerous. Periproot in the posterior fruucation, largo. 

A. jx\ri potato us fascicle entering this lateral interradia consider¬ 
ably, sinuous more or less; a subaual fascicle surrounding a 
broad sum including six ambulacral plates, the upper part of I.ho 
fascicle concave. Ornamentation of very crowded almost homo¬ 
geneous tubercles abaetinally, and of slightly larger tubercles 
actinally; rarely some larger tubercles within the peri potatoes 
fascicle. Spines slender, moderately long on the anterior part of 
the test; dark brown, yellow, to silver grey. 
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Fossil Crag: England. Eocene, Miocene, Pliocene : Europe. 
Miocene: Asia (Sind and Madura). Tertiary: 1ST. America, 
West Indies. 

Recent. Arctic Seas, N. Atlantic to Azores, Mediterranean, 
West Indies and Brazil, Pacific, W. coast of America. 7-450 fms. 

This definition covers the recent forms and most of the Ter¬ 
tiary species, but Wright’s B . tuberculcitus has necessitated the 
addition regarding the occasional presence of larger tubercles 
within the peripetalous fasciole, as in Met alia. 

The genus Brissomorpha , Laube, 1871, is similar to Brissus ; 
and the genus Referobrissus , Manzoni and Mazzetti, 1877, is 
unsatisfactory on account of the indifferent state of preservation 
of the specimens of the sole species ; it may be a Brissus . 

Brissus depres&us, a form which has never been obtained in a 
condition of preservation worthy of description, has been made 
the type of a new genus, Leiopneustes, by M. Cotteau, 1885, Pal. 
Franc., Terr. Oct. p. 123. Considering that it is written 
£i fascioles absent or very slightly apparent,” the value of the 
genus is problematical. 

Subgenus Meoma, Gray, 1851 (genus), Ann , May. Nat. Hist. 
vol. vii. p. 132; 1855, Gat. Bee. Fell. Brit . Mus. pt. i. p. 56. 
Lutken , 1868 (pub, 1864), Vul Metkl.f. Nat. For. i Kjoh. 
p. 120, A. Agassiz , Revision, 1872-74 (subgenus), pp. 858, 
608. Loven , 1874, Etudes, pi. 85. 

Test moderately stout, cordiform, the paired ambulacra sunken 
in deep grooves, antero-laterai divergent. 

Peripetalous fasciole slender, flexuous, entering the interradia 
between the petals. A subanal fasciole slender and incomplete 
above, a slender offshoot passing abaetinally on either side of the 
periproct. 

Fossil Tertiary: Cuba. Miocene: W. Sind. The genus is not 
represented in the Australian Tertiaries. 

Recent . Gulf of California, Acapulco, West-Indian Islands, 
Gulf of Florida. 242 fms. 

Genus Spatangomorpha, Bohn , 1882, JDenksch d. kais. Akad. 
Wiss. Wien, Bd. xlv. p. 867. 

Test moderate, elongate oval, depressed, notched anteriorly, 
highest and truncated posteriorly, depending below the periproct. 

16* 
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Anterior ambulacrum ill a shallow groove*; the paired ambulacra 
shallow, lanceolate, moderately long; pores somewhat diminished 
near the apex. Odd interradium separated, aetinally, from the 
labrum by the junction of the broad posterior ambulacra! areas. 

Peristome excentric in front, semilunar; sternum nipped in 
greatly posteriorly. Periproct high up in the posterior truncation. 

A large subanal fascicle, with at least eight pairs of am bin 
laera.1 plates and pores included. Large sunken primary tubercles 
and granules, the former absent in the posterior interradiuin. A 
peripctalous faseiole limiting and bounding the tubercular areas. 
Fossil . Tertiary: Madura, Java. 

The genus is remarkable on account of the unusual number of 
ambulacra! plates implicated in the subanal fascicle and for the 
junction of the ambulacra actmally, ho as to so pa,rate the sternum 
from the peristome. 

Genus Tjioscuelia, Duncan $ Hidden, 188#, ft/. Iml ser. xiv., 
Monogr, Terl lielim , .Kuchh and Kalti/mr, p. 07, pi. vii. 
figs. 0-12, and pi. xi. fig. 5. 

Test rather large, long, oval, high, notched anteriorly, trun¬ 
cated posteriorly, slightly convex actmally. 

Apical system slightly excentric in front; four perforated 
basal plates, the madreporite in the right anterior, and passing 
centrally, separating the posterolateral basala and the posterior 
radials also, extending into the posterior inieiTadhun. 

Ambulacra all in deep grooves; pores small and elongate in 
the anterior ambulacrum ; large, except close to the apical system 
where they are minute, in, the other ambulacra; petals opun at 
the extremity close to the fascicle. 

"Peristome slightly excentric in front, broader than long, 
posterior lip well developed* Aetinai plastron narrow. Periproct: 
supramarginal, in the truncation. 

Interradia with largo sunken, tubercles except in the posterior 
interradium. A, peripetalous and a subanal fascicle, 

.Fossil Miocene: Kaehh. 

Agassiz and Desor defined the g mmFkt/ionolus in 181-7,a mime 
unfortunately preoccupied in the classificalion of the Insoci.ii. 
Gray, in the Catal, Kcceut Ech, Brit, Mus* pi, l 1,855 (not 
I8B2 as Dames writes), p. 50, admitted the name and separated 
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the genus from Metalia, a cliyision of tlie germs Brissus 
(p. 51). His types were Plagionotus pect oralis and P. Besorii. 
Brissus sternalis , Lamk., sp., was his type of Metalia . A. Agassiz, 
1872, Revision, p. 114, placed Plagionotus and Metalia as syno¬ 
nymous, and chose the latter subgonoric name to include Pla¬ 
gionotus pectoralis and Metalia sternalis . Since the time of the 
£ Revision,’ the deacribors of recent Bellinoidea have followed 
A. Agassiz ; but that excellent paleontologist Dames has placed 
Brissopsis and Toxobrissus as synonyms of Metalia . It appears 
correct to admit the name Metalia instead of Plagionotus, to unite 
the species separated by Gray under this genus, and to place 
Brissopsis as an independent genus, with Toxobrissus and Eleinia 
as its synonyms. 

Genus Metalia, Gray, 1855 (division), Gat Bee. Ech. Brit . 
Mas. pt. i. p. 51. A . Agassiz , 1S72 (subgenus), Bevision , 
pp. 144, 360. Loren, 1874, Eludes, pi. 40, sub Plagionotus, 
(Enlarged.) 

Syn. Plagionotus , Ag. and Desor, 1847, Gray, 1855, Lilt ken, 
1863: Xmdhobrissus, A. Ag., 1863; Brissus, Martens, 1869; 
Brissopsis, sensu Dames, 1877. 

Test thin, moderate to very large, depressed, elliptical or ovoid 
in more or less wavy marginal outline, slightly indented ante¬ 
riorly and truncated posteriorly, lowly arched or nearly flat ah- 
actinally, tumid above the margin, the edge of which is sharp; 
aetinally comparatively flat. 

Apical system excentric in front; the four basal plates per¬ 
forated; the madreporite extending centrally and posteriorly, 
separating the poster 0 -lateral basal and radial plates. 

Ambulacra diverse; the anterior in a very shallow groove 
which may he absent near the apex, its pairs of pores rather 
distant and small; the petaloid parts of the paired ambulacra in 
variably sunken grooves, narrow, unequal and long, their pairs 
of pores large, nearly closing, with narrow interporiferous areas; 
anterior petals divergent, long, and straight or curved, those of 
the postero-lateral petals similar but rather close, and the zones 
bending with the distal ends flaring outwards or not, longer than 
those of the autero-lateral: aetinally the postero-lateral ambu- 
1 acral areas arc long and narrow. 

Intcrradia large, especially aetinally, where the second and 
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third plates form much of the surface o.n either side of the narrow 
ampliistomum, which, with the rest of the surface, is compara¬ 
tively Hat. Normal heteronomy of the intorradinm .1, Great 
nipping-in of the .interratlial plates below the periproct. 

Peristome exeentrio in front, crescent-shaped or subcircular, 
with a well-developed posterior Jahrmn ; the plates of the mem¬ 
brane well-developed. The periproct posterior and pear-shaped, 
in the truncated posterior surface, {dated largely. 

A peripetalous faseiole, elliptical, undulating or not. A. broad 
subanal faseiole, surrounding a broad area, including six ambu¬ 
lacra! plates on either side anil grooves radiating to their pores. 
An incomplete anal liisciole, a vertical and small branch passing 
from the subanal or from a horizontal faseiole placed immediately 
above it, upwards on either side of the periproct, or in that 
direction. 

Ornamentation abaetinally either of very small ('lose tubercles, 
the largest on the Hanks of the anterior groove, or there may be 
numerous, yet distant, large primary tubercles in the lateral, in- 
terradia, within the peripetalous faseiole. Beyond the faseiole 
the small tubercles gradually increase in size to the ambulacra at 
the peristome. {Spines short, slender, curved, largest nclmally 
and with a milled ring. Spheridia numerous, in groups in all 
the ambulacra, 

.Fossil. Eocene; Europe, Asia. Tertiary; iN. America, W, 
Indies, Malta, Italy. 

ItecenL West Indian Islands, Florida, Mexico, Bed Sea, 
Pacific Islands, East Indian islands, Australia, Mauritius, R 
Brazil, Sherboro island, (hi life ruin,, Moditcrranoau. Shallow 
water to Jot? bus. 


Genus Buinobiussvs, A, dgmte, 1872, .tin'll. Jins. (bmp. %mh 
p. Ill ; Mansion, 1872-4, p. 590 ; 1881, Jicjwrt on 4 VI'tub 
lunger } Echini , p. .180; 1888, JivpoH on 'JUaht' Mchint, p. 07. 

Test moderate in size,very thin, longer than broad ami broader 
than high, Outline from above ovoid, with a narrow posterior 
end ; broadest on a line with the apical system, which is nearly 
central or slightly in front. Vertex of the test posterior, and 
the posterior surface is tall, truncated, ami hollowed transversely. 

Apical system small, with four Final plates with large genital 
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openings. Madreporite extending backwards and separating 
the posterior radial plates. 

Odd ambulacrum flash with the test, its pores exceedingly 
small. Lateral ambulacra short, sunken, subpetaloid; pores large 
and the poriferous zone broader than the interporiferous. Pos¬ 
terior ambulacra the longest. Ambulacra wide around the peri¬ 
stome and on either side of the action! plastron. 

Peristome broad, excentric in front, with a large posterior lip. 
Periproct high in the posterior extremity. Actinal plastron 
amphisternous, long, and prolonged posteriorly into a short beak, 
keeled along the median line. Three fascicles—a peripetalous, 
an anal, and an independent subanal fasciole. 

Tubercles very small and numerous dorsally, and larger and 
with a raised scrobieular surface actinally. Large tufted arnbu- 
lacral tubes close to the peristome. Spines small, curved, 

Meccnt. China, Tahiti, shores of Beluchistau. 

There is no doubt about the sunken nature of the lateral and 
posterior ambulacra in the species from the Pacific and Indian 
Seas, and that the outer terminations of the petals of the am¬ 
bulacra are prevented from closing by the peripetalous fasciole. 
The madreporite is large and separates the basals, and extends 
backwards well into the mfcerradium. Now none of these cha¬ 
racters occur in a species which A. Agassiz refers to ffliinobrmus 
with an expression of doubt (Report on the ‘ Blake ’ Echini, 1883, 
p, 07). The figures given by Agassiz, pis. xxiih and xxvi., show 
a most interesting form which is well deserving of the pains its 
describe!* took about its details and the relation which they bear 
to ancient forms of Spatangoids. He considers that the species will 
probably form the basis of a subgenus of Ehmobrissns which will 
hold to it very much the same relation which Periaster holds to the 
true species of Seldzaster, But it must be said that the Caribbean 
Sea is not the home of the genus, and that the immature forms 
of the Indian species have the true generic characters given above 
and that the Mieraster-look is wanting in them. The genus is 
not known in (die fossil state, and the species i?. pi/ramldalis, 
Agues., is not a variable one. It will be best to place the 
Caribbean form near the genera Linojmeustes and Cionobrmm 
and in a new genus, Weopneustes (page 258). 
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Genus Brtssopsts, Agassiz, 1840, Cat, Si/si, Fefgp, p. 10; 1847, 
Cat. Eak. (VEch., Ann. <1, Set. Mat. ser. 3, vuL viii. p. 15. 
Gray, 1855, Cat. Mae, JEck Brit. Mux. p. 55. TJesor, 1858, 
Synopsis, p. 878. Lore a, 1871', Etudes, pis. xii. & xxxvh J. 
Agassis, 1872-4, Mansion , pp. 851, 508. JW*, 1877, IV 
Iccmiogmjdiiea, Bd. xxv. p. 078. Duncan Sf &'laden, 1884, Mai, 
Ind. ser. xiv., Foss. Fell. W. Sind, pt. iii.p. 208. A. Agassis, 
1883, £ BhJce ’ Felt ini, p. 00. {Amended.) 

Syn. XI e ini a, Gray ; Toxobrissus , Desor ; Dealria , Pavcy ; 
Verbeehia , Frit sell, 1877. 

Test thin, moderate in size, ovoid or elongate-oval-elliptieal in 
tumid marginal outline, depressed, lowly tmnid dorsally, rounded 
in. front and with a variables shallow, anterior groove, I lamented 
posteriorly, projecting and convex actinally and hehiml. the peri¬ 
stome, or sub globular. 

Apical system central or exccntrio iu front; four basal plains; 
the pores large; the madroporitc in the right anterior basal and 
passing centrally in the system and posteriorly ho as to separate 
the posterior radial plates and some of the posterior intemidial 
plates also. 

Ambulacra diverse, unequal; the anterior slightly sunken 
dorsally, with small pairs of close pores most numerous abaci inally; 
the antero-lateral sunken, subpetaloid, short, equal to but may 
he longer than the posterior pair, straight, divergent, or curved 
more or less ; pairs of pores large and in parallel rows, with small 
interporiferous areas. Postero-lateral ambulacra straight or 
curved, sunken ; pairs of pores as in the autcro-latora], but i he 
anterior row may become continuous with the posterior row of 
idle antero-lateral ambulacra, subpetaloid and tending or not 
to close at the fascicle; actinally tins areas are bare and large, 
those of the postero-laieral form wide areas at the sides of the 
plastron, and four (the 0-0 inclusive) plates of the rows nearest 
the plastron arc angular, with large pores, and are within the 
subanal fascicle. 

Intcrradia narrow apically, large actinally ; the right posterior 
with normal hoteronomy of its plates (union of 2 and 8 of series 
a), A symmetrical amphistornunw Tubercles small and crowded 
abactinally, larger actinally, largest at the margins of the bare 
ambulacra near the peristome. Periproet, in the truncated pos¬ 
terior surface, elliptical or ovoid, longitudinal. 
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A subanal fasciole, concave towards the distant periproct, with 
or without anal brandies ; a peripetalons fascicle well developed, 
more or less flexuous. Plates of the membranes of the peristome 
and poriproet largest at the edges and smaller near the orifices. 

Fossil . Eocene: England, Europe, Asia, Java. Miocene: 
Europe, N. America, W. Indies. Pliocene: England, Europe. 

Eecent . North Atlantic, Norwegian and British seas, Medi¬ 
terranean, Florida Gulf-stream, Sombrero, Caribbean Islands, 
Formosa, Siam, East Indies, New Caledonin, Luzon, Tahiti, New 
Zealand. Range from 1100 to 2435 fms. 

The curving of tlie paired ambulacra is 'well seen in the Sindian 
species, and it is evident that such a character is not sufficient to 
separate a new genus ; moreover the continuation of the rows of 
pairs of pores so as to form a curve across the postero-lateral iii- 
terradia is subject to great variation. The general shape of indi¬ 
viduals of the same species is remarkable and has necessitated 
the introduction of an alteration in the definition of the genus ; 
this is the result of A. Agassiz’s examination of the Echini of the 
‘ Blake J dredging-expedition. 

M, Cottoau ddiuetl a genus Cj/clastcr in 1850, and Desor 
placed it as a synonym of j Brissoj^is in lus 4 Synopsis,’ 1858. In 
1808 M. Cottoau reasserted the right of Op da slur to a generic 
position, and wrote that Brmopds differed because it had an 
anterior groove and very slightly divergent and atrophied paired 
ambulacra. Dames described and drew two species of Opclaster 
in f Ihilmontographica,’ 1877, Bd. xxv.; and his figures and de¬ 
scriptions agree with M. Ouiieau’s ideas; but there is no vestige 
of a peripetalons fascicle, and there arc four closely-placed 
genital pores, it is possible that the fascicle may have been 
worn off; nevertheless the ornamentation of the test is given 
without any evidence of it. Since that time several species have 
been removed from Gi/cluster by M. Cottoau, and a fresh generic 
character has been added by him to which exception must be taken. 

The characters relied upon are the absence of an anterior am- 
bitai groove, the divergent antero-lateral. ambulacra, a peripetalons 
fascicle which is somewhat angular, a subanal fascicle, and the 
presence of only three genital pores, that of the right anterior 
basal plate being absent; the extension of the madreporite cen¬ 
trally, with separation of the posterior basal plates. In 1887, 
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however, M. Ooiioau admitted 0. Gmirdonl, wliicli he showed has 
an imperfect peripetalous faaeinlo anil a test differently shaped 
from Unit of l ho type. 

The researches of A. Agassiz regarding the recent species of 
Jinurojwn in the W. Indies have proved that some forms have 
divergent an taro-lateral ambulacra, especially* t he young, that 
there is considerable variation in the depth of the ambital groove, 
and that during growth the ambulacra are closer. (A. Agassiz, 
1 872-74, Revision, pi. xix. tigs. 8, 0; I.SS8, c Blake ’ Echini, 
pi. xxvi.) 

The presence of four genital pores in some and three in other 
species is not important ; and. the abortion of a. duet and its 
gland is of no more olassilieatoiy value in this group than it 
is in others. The position of Vyelader is that of a subgenus. 

Subgemis (hwmASTKR, Vatican in Ley mark H Vatican (genus), 
185b, (Jut* Hch. Fore. dc Pyren* p. 27 (Idwtr. Mail. Hoe* Gaol, de 
Fr. bop. 2, vol. xiii.); .18(58, Fell. Foss, das Fyrm., (\mg. AW. de 
France, 28 Sept. vol. HR p. 57; 1887, FuL Fr., Terr, 
Miocene, p. 447, pi. 128, and Full, Hoe* Zool. de Fr. vol. xii. 
pp. 504 & 032. 

.Anterior groove slight abaetimilly, lost at the am hi t ms. A ntoro- 
luterai ambulacra, divergent. 

Apical system with three or four genital pores, and a central 
imulreporitc separating the posterior basal plates, Peripdalous 
fascicle subcircular, often more or less deficient; a suba.ua! fascicle. 

Fomh Eocene: Europe, N. Africa? 

Genus lessor at Arum, Vatican, 18(58, Kelt. Fore, de Ft/rah 
p. 148. Darner, 1.877, Falwonfag. ,Rd. xxv. p. 82, pi. xi. lig, 2. 
Duncan Sf >S 'laden, 1884, Pah Lid* wer, A her. Felt, W\ 

Sind, p. 22(5, {Amended,) 

Test of modiimi size, oval, moderately tumid Jibuctinully, lower 
and subcarinateposteriorly, flat adinully, anterior groove mode¬ 
rate at the ambitus, but small, abacil nally ; broad depressed areas 
around arid including the pdaliml parts of the lateral am hu la era; 
a definite interradiai ridge separating the lateral petals. 

Apical system cxeentric in front. Anterior ambulacrum with 
small pores and in a slight depression ; anterior pair short, widely 
divergent, much curved, concavity forwards, not closing; poms 
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large; posterior pair longest, curved, with the concavity out¬ 
wards, unclosed distally; all in tlic depressions of the test, 
forming an acute angle at the apex. 

Peristome ex centric in front, subcircular. Periproct elliptical, 
posterior. Fascicles : a peripetalous and a snbanal. 

Fossil. Eocene: Europe, Asia, Sind; and Java (Tertiary). 

Dames drew a distinct peripetalous fasciole; and in Duncan 
and Sladen’s specimens there is every indication of a snbanal. 

In the species described by Dames there are some primary 
t ubercles scattered in the lateral interradia. 

The genus should come near Brissopsis. 

Genus Spatangtjs, Klein, 1734, Nat . Disp. Fell. p. 33. Lamarck, 
1801, Syst. Anim. s. Vert. p. 348. Gray , 1825, Ann. Fldl. 
vol. x. p. 8; 1855, Gat. Fee. Fch. Brit . Mus. pt. i. p. 46. 
Fesor , 1858, Synopsis, p. 419. A. Agassiz, 1872-74, Fevi- 
sion, pp. 158, 564. Loven, 1874, Etudes , pis. 208-212. 

Test thin, large, eordilbrm in marginal outline, broad, rounded 
and grooved anteriorly, truncated at the narrower and oblique 
posterior surface, dorsally slanting upwards and backwards, 
depressed, never as high as broad. 

Apical system small, slightly exeentrie in front and in front 
of the vertex; four basal plates perforated; and the madreporite 
extending between the postero-lateral basal plates and between 
the posterior radial plates into the interradium. Anterior ambu¬ 
lacrum in the broad deep groove; pairs of small pores distant. 
Antero-lateral ambulacra with the petaloid parts broad, long, diver¬ 
gent ; the interporiferous areas tumid and flush; the poriferous 
zones broad, sunken ; the pores small in the auterior zone near 
the apex, large where the zones are large, closing at an angle dis¬ 
tally; anterior poriferous zone may be ill-developed. Postero-lateral 
ambulacra broad, petaloid, closed, subequal to the antero-lateral, 
and with large flush infcerporiferous areas and sunken poriferous 
zones. Aetimilly the ambulacra form most of the peristomial 
margin anteriorly and at the sides; and the postero-lateral 
ambulacra are well developed, the 6-8 plates of the inner 
zones being within the snbanal fasciole, and two with large 
perforations. 

Peristome excentric in front, with a projecting* htbrum; an 
ampbistenmm. Peripj’oct large, supramarginal, elliptical, trails- 
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verse; both the pcriproct and peristomial membranes largely 
plated near the test. 

Normal hetcronomy of the right postcro-l literal interradium. 

A subanal fascicle only, including a broad plastron beneath 
the pcriproct. 

Ornamentation abactlnally, in the interradia, of large primary 
tubercles, slightly sunken in serobicules, cremdatc and perfo¬ 
rated, scattered or in more or less wavy rows, and of close small 
secondary tubercles and a miimtor tuberculation and granulation; 
actinally the luberries are close and occur on the plastron. Spines 
longest and largest on the larger tubercles, slender, pointed, 
curved, striated; those of the smaller tubercles are of (he same 
shape ay the larger spines. 

Jfossil Tertiary?: England, Europe. 

Recent * Shores of N. Atlantic and German Oceans, Mediter¬ 
ranean, Azores, Bermuda,, Caribbean Sea, Cape of Good Hope, 
Japan; Bod Sea ? 150 to 450 fms. 

The definition of Loncophoms, which has been attributed to 
Dames, has not been discovered, unless Laube’s definition, of 
Ooncophonts, Denksehr. k. Akacl. Wien, Bel xxix. p. 86 (I860’), is 
to be taken. Dames noticed the species called Epatangas Ion* 
coplumis, Meneg., in his description of the “ Vicent. u. Yeron, 
Tert. Eeln,” Palaiontogr. 1877, p. 88, and wondered at Laube’s 
etymology. It does not appear that a generic definition was 
produced. 

►Subgenus .Lonooptto&uw, Dames ? 

►Syn. Co a cop horn s, Laubo. 

Hpatangi without large primary tubercles on the interradia. 
dorsal ly. 

FomL Tertiary : Europe. 

Genus Makiatta, drag, 1.855 (a division of Bpalanga> s'h Cal, 
Mac, Belt, Brit. Mas, pt. i. p. 48. Loren, 18/4, Khnhs, 
pi. xlii. A. Agassiz, 1872-74, Be.vision, p. 568. 

Test; moderately thin, cordiform or ovoid, depressed, slightly 
tumid dorsally; anterior groove slight; posterior truncation 
narrow, actinally flat. 

Apical system slightly oxeentric in front, small, four close 
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perforated basal plates ; madreporite separating the lateral basals 
and extending backwards. 

Ambulacra diverse, the anterior narrow? with few pairs of 
pores; paired ambulacra long? extending to the ambitus as 
broad, shallow unequal petals; the interporiferous areas broad 
and tumid or not; the poriferous zones closing, broad; and the 
anterior zone of* the antero-lateral ambulacra may have small or 
aborted pores. 

Actinally the ambulacral areas are very broad posteriorly and 
bare; the peristome with a long narrow la brum and a very 
narrow and small amphistemum. Periproct large, in the trun¬ 
cation. 

Normal heteronomy of the right postero-lateral interradium. 

Ornamentation of sunken primary tubercles crenelated and 
perforated, cither numerous and in rows in the anterior and lateral 
interradia, or few in the lateral and postero-lateral interradia. 
A subanal fascicle, and evidences of a discontinuous peripetalous 
fascicle or not. Spines small, usually puintmg backwards, 
longest actinally on either side of the ambulacra. Actinal plastron 
comparatively bare. 

Fossil. Tertiary ; Europe, India, Java, Australia. 

Recent . Masbatc, Borneo, China, Kingsmill Is., New Caledonia, 
Mauritius, Australia, Levuka lieef, Japan, Arafura Sea, South Sea. 
25-800 1ms. 

Genus Eupatau-us? Agassi#, 1817, Gated. Feds., Arm. cl. Sci . 
JSTat. ser, 3, vol. viii. p. 9. Gray, 1855, Gat. Fee. Fell. Frit. 
Mas. pt. i. p. 49. Duncan b’ 8'laden, 1884, Pal. Ind. 
sor. xiy., Foss. Fell. W. Bind, p. 235, pi. xxxviii. figs* 11-13. 

Syn. Fusjpatangus. 

Test of moderate size, thin, elongate? cordiform? tumid but de¬ 
pressed dorsally, narrowest and truncated posteriorly, actinally 
Hat? with a slight keel. 

Apical system small, excentric in front, with four basal plates, 
perforated; the madreporite in the right anterior basal plate, ex¬ 
tending to the centre and posteriorly, and separating the postero¬ 
lateral basal plates and posterior radial plates. 

Ambulacra diverse; the anterior in a feeble abaetinal depres¬ 
sion, narrow, and with distant small pairs of pores; the paired 
ambulacra petaloid dorsally, long, wide, closed; the interpori- 
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ferous areas broad and pointed clistally, not depressed, and may 
bo tumid; poriferous zones broad, closing, more or Jess sunken ; 
pores dissimilar. 

Peristome excentrie in front, semilunar or subcircular, with 
a projecting posterior labruin. An amphisternum bounded by 
wide ambuliieral areas. Peri]) root occupying much of the pos¬ 
terior tr mutation. A peri pet alous faseiole, elliptical and circum¬ 
scribing the pctaloid parts of the ambulacra. A sub anal faseiole, 
cordiform or broadly reniform in shape. 

Tuberoulntioii—some large perforated and crenellated scrobi- 
eulatc primary tubercles, sparely distributed upon Urn anterior 
and lateral interradia, circumscribed by the faseiole; elsewhere 
absent; a small tuberculatum, and miliaries largest actinally. 
Spines short, the largest bent, tufted on the subanal area.. 

Fossil. Eocene: Europe, N. Africa, Asia.. Miocene; Australia, 
and W. Indies. 

Recent , Australia, N. S. Wales, Arafura Sea, Van "Diemen’s 
Land. 


A difficult question has arisen regarding the genus Macro- 
pneudes, Agassiz, 1347. The genus was founded and the dia¬ 
gnosis appeared in Cat, Rais,, Ann. 8ci. Nat. ser. J3, vol. viii.p. 3, 
figured in vol. vi,, pi. xvi. iig. 2(1810-47). 

Macrop newsies Deshay esi was the type, and was supposed to 
show the generic characters ; but in after years it became evident, 
that the specimen used by Agassiz was worn and useless; for 
good ones showed a subanal besides the peripefcalous faseiole. 

In the meantime (’ofcteau had founded Deripneasfes for species 
which were J/acropnatsfrs wilh a subanal faseiole. To add to the* 
confusion, some jUaeropneastes were described, which tallied with 
the written diagnosis op Agassiz, and had no subanal fascicle. 

No two writers are agreed about the nature of the ambulacra 
in jMfm'opnendes, whether they are Hush or in grooves, 

There is always a desire to retain the genus of an old. and valued 
naturalist; but it is clear that \(. M'aeropnewsies is to be retained, 
Detipneudes must become its synonym, and the Agassiziun genus 
must he altered. Again, if Mm crop newsies is altered, the species 
which tally with the original generic definition must find a homo 
elsewhere. 

Any one,who has had the opportunity of studying the method 
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of Agassiz would not have much difficulty in believing that if he 
had known that there was a subanal fasciole present, he would have 
regarded the species as one of a group of Pupalagus . Dames, in 
considering an Eocene Peripneustes, noticed how close the form 
was to Pupatagus, and if P. avellana from Sind is examined 
the alliance is evident. There is, however, the question about 
the taxonomic value of flush and grooved ambulacra. This is to 
a certain extent answered, because there are forms intermediate 
between the perfectly flush broad ambulacra of jEupatagus and 
the grooved ambulacra of Peripneustes, and the Sindian species 
Macropneustes speciosus and Phipatagus avellana are intermediate 
to a certain extent. 

It is proposed to make Macropneustes and Peripneustes syno¬ 
nymous, as Cotteau has done, and to place the first as a subgenus 
of Pup at ag us (Puspalangus ). The diagnosis of the subgenus will 
have to receive the addition of “ a subanal faseiole, and the 
ambulacra semiflush or in grooves.” 

This will place A. Agassiz’s recent Macropneustes spatang aides, 
1883, 4 Blake’ Echini, p. (54, in a subgenus of Pupatagus. 

There remain a considerable number of species which were pro¬ 
perly considered to belong to 'Macropneustes , Agassiz, 1847 (not 
in reference to the type-species). Most have more or less (lush 
ambulacra! petals, and rather large tubercles within the peri- 
petalous fascicle. They must enter llypsopatagus , Pomel, 1883 
(see ante , p. 239). 

Peripneustes was founded by Cotteau, 1875, KongL Svensk. 
Vct.-Akad. HaudL Bd. xiii, Ho, 6, p. 88, pi. vii.; and considered 
by Dames, 1877, Paheontographica, xxv,, Eeh, Vic. Tert. p. 78; 
Duncan & Bladen, 1888, Pal. Ind. sow xiv, Eeh. Kachh & Kattywar, 
p. 41. Trachypatagtis, Pomel, 1888, Theses, p. 81, is a synonym. 

Subgenus Macropneustes, Agassk (genus), 1847, Oatal, Pais,, 
Ann. cl Sci. Pat. ser. 8, voh viii. p. 8. (Figure of the typical 
species, vol. vi. pi. xvi. figs. 2, 2 a.) (Pars.) ( Enlarged.) 

Syn. Peripneustes , Cotteau, 1875. Trachypatagus , Pomel, 1888. 
Stomaporus, Cott. 1888. Isopneustes, Pomel? 

Test thick, tumid; ambulacral petals elongate or broad, grooved 
or semiflush, open or imperfectly closed; poriferous zones 
equalling the interporiferous area in breadth. Tubercles large, 
upon the interradial areas, but less projecting than the tubercles 
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of Spntnnym. A littoral fasciolo at tho hoii^hi above, the margin 
of the test, corresponding Lo the ends of the anibula.mil petals, 
passing above Hie aims. A subanal laseiolo. 

Fo,^ l L Eocene: Europe; Africa ; 'W. inclioM: Asia. 

liecmik Caribbean Sea. 

Stoma par as, Cotteau, LSStt, Gompt. He,ml. vol. eviL, Hillers be¬ 
cause if haw a sharp edge and an almost central peristome, but 
it can hardly be otherwise than one of this group. 

Genus N.voosPATAKmrs, A. Apussi;:, 187?] (subgenus), Hull. Mas. 
Comp. Zook vol. iii. p. 1st) ; IN 71, Zook t Jhnutlor 5 F % vpmk^ 
Cat. d fas. Comp. Zonk l lan\ No. viii. 1, He him , p. 17. 

Test small, thin, ovoid in tumid marginal outline, arching 
regularly dorsally to the vertex, which is between the apical 
system and the nearly vertical posterior truncation, broadest in 
front of the centre, narrow behind, without an anterior groove. 

Apical system slightly exeontrle in front, small, with three per¬ 
forated basal plates, and the madreporite in the right anterior, 
which is imperforate. 

Anterior ambulacrum different from the others, the interpo- 
riforoiis area, covered with small secondaries and miliarics; pores 
small. Antero-lateral ambulacra flush, with slightly sunken pori¬ 
ferous zones ; the anterior poriferous zone with single pores, the 
posterior with large pairs of pores which become single animally. 
The postero-lateral ambulacra with broad poriferous zones and a 
narrow interporifevens area, petaloid and nearly closing, 

Peristome large, exeenlric in front, semilunar, plated, with a 
broadly projecting labrmn. The sternum narrow, keeled, tuber- 
culate, Hanked by broad umimlaeral areas. Poripmct posterior, 
transversely elliptical, with two concentric rows of anal plates, 
below it a subanai plastron with a fasciola, and a. beak at the 
lower end of this plastron which is continuous with the action! 
surface. Borne anal branches of the subanai fascicle. Spines 
longest uetinally, short and curved at the base, 

Mecatik Juan Ifornandez, 05 fathoms. 

The generic characters of Gualtmia , Dcsor, have necessarily 
been enlarged by the discovery by M. Ootteau of a subanai 
fascicle in the typical species from Saint Palais, 
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Genus Gitaltieeia, Besor, 1847, Catal. Pais., Ann d. Sci. Nat. 
vol. viii. p. 10. Besor, 1858, Synopsis, p. 406. Cotteau, 
1884, Mch. de Saint Palais , p. 82, Ann. d. Sc. Geol. vol. xvi. 
pi. vi. 

Test moderate in size, ovoid elliptical in marginal outline, 
rounded in front, without a deep groove, slightly narrower behind 
and truncated, very tumid but low dorsally, flat actinally except 
behind the peristome, where there is some convexity. 

Apical system pentagonal, with four basal plates, each with 
a large pore; the madreporite extending centrally, and separating 
the postero-lateral basal plates, and also the posterior radial plates. 

Ambulacra diverse, the anterior in a slight depression abaeti- 
nally, broad, with the pairs of small pores arranged obliquely; the 
paired ambulacra long, flush, petaloid, tending to but not closing; 
the anterior poriferous zone of the antero-lateral pair with small 
pores near the apex, elsewhere the poriferous zones broad ; the 
interporiferous area broad, and the whole flexuous ; the postero¬ 
lateral ambulacra straighter, with the poriferous zones broad. 

Peristome transverse, broadly elliptical, with a narrow labrum 
which is long, and has an amphisternum beyond; peristomial 
interradial plates of the antero-lateral areas tubereulate, and the 
labrum also. The long posterior ambulacra and the anterior ambu~ 
laerum are ornamented with raised irregular prominences. Peri- 
proct posterior, high up, oval, longitudinal. 

A well-defined fascicle crosses all the ambulacra at the distance 
of three quarters of their length from the apical system, without 
interfering with the nature of the pairs of pores. An elliptical 
bent subaual fascicle enclosing a broad area. 

Fossil. Eocene; Europe. 

Genus Linopneustes, A. Agassiz , 1881 (subgemis), Peport on 
ike 1 Challenger * JUeJiim , p. 167 ; 1883, * Plaice ’ JEehini, 

p. 62. 

Syn. Palceopneustes, A. Ag. (pars). 

Test large, depressed, but rather subhemispherical abactinally, 
the posterior part of the test sloping gradually ; oval in ambital 
outline and notched in front, and may be slightly so posteriorly ; 
flat actinally, with a low median keel behind the peristome. 

Apical system central or slightly excentric in front, with four 
perforated basal plates; the madreporite extending from the right 

LINN, JOUEN.—-ZOOLOGY, VOL. XXIII. 17 
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anterior basal, centrally' and posteriorly, so as to separate I bo 
postero-laleral basal “plates ami the posterior radial plates, and 
extend into the posterior inlerradium. 

Ambulacra dissimilar, the anterior in a faint groove, with small 
pairs of round pores; the paired ambulacra semipetaloid, flush, 
all open, distally, the antero-bderal widely divergent dorsally, and 
the postero-laleral with broad smooth plates on either side of 
the ampbislernum; the pores of the sernipotaloid parts .round, 
but; the outer pore of the pairs may be slightly elongate; pores 
single and distant below the semipetaluid parts, and some with 
peripodia around the peristome. 

Peristome exeeniri<^ in front, in a moderate concavity of the 
test, much broader than long, semi-lumvr with rounded ends. 
Posterior labrum broad, projecting. Sternum with a more or 
less defined keel (ainphistmious). Periprocfc supramarginal, 
circular, much plated. 

Ornamentation of few or numerous small primary tubercles 
on each plate ahactinally, edges and sutures of plates more or less 
plain; miliaries between the tubercles, Aetinally the tubercles 
are subequal and more crowded, and most numerous within 
and around the subanal fasciolo. Primary spines long or short, 
slender, curved, smallest aetinally, Podicellarue long; the tri- 
clactylo forms with slender valves. Ambulacra with much smaller 
tubercles beyond the suhpetaloid part than in the intorradia. 

A narrow peripetalous fascicle passing above the peri]) rod;; a 
subanal fascicle, broad or narrow heart-shaped, partly in contact 
with the actinal edge of the periproct. 

Recent, Caribbean. Sea, 38 to 298 fathoms ; Japan and the 
Philippine Islands, 315 to 375 fathoms. 

The species which is found in the deepest water has the 
shortest spines and the ambulacra the most apetaloul. 

Genus Njeopnotstes, gen, nov« 

Syn. RUnoh'imis , A, Agassiz, 1883, * Blake 1 Echini, p, 07, 
pis. 23 & 20 (pars). 

Test moderate in size, thin, ovoid in outline at the margin, 
longer than broad and broader than high; tumid abaetiimlly, at 
the sides; low, broadest and tumid anteriorly, highest and trun¬ 
cated posteriorly; with a backward and downward projecting 
actinal plastron. Anterior groove absent. 
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Apical system slightly exeenfcric in front, small, with four per¬ 
forated basals, compact (?). 

Ambulacra flush with the test, apetalous, diverse, with high 
plates, broad actinally, and the tentacles tufted around the peri¬ 
stome. The anterior ambulacrum narrow and with distant pairs 
of very small pores; the antero-lateral widely divergent, the 
postero-lateral closer. 

Peristome exeentric in front, broad, semilunar, with a pro¬ 
jecting posterior lip. Actinal plastron projecting, and carrying 
small, short and crowded spines. Periproet small, oval, longitu¬ 
dinal, in the posterior truncation of the test, rather high up. 

A peripetalous fasciole, sometimes ill-defined, passing around 
the apex about midway between it and the ambitus and crossing 
the ambulacra, without affecting their structure. A well- 
marked sub anal fasciole surrounding the blunt end of the keel. 
Tubercles small; spines small and short, largest actinally, 
especially in front of the peristome. 

j Recent* Caribbean Sea, 175-233 fathoms. 


The genus Ciunobrissus , A. Agassiz, has one species, 0 . mnnclus , 
which was dredged up in the Arafura Sea by H.M.S. ‘ Challenger ’ 
from SCO fathoms. The species is described in the Report on 
the Echinoidea of the * Challenger,’ and a previous notice both 
of the species and genus will be found in Proc, Amer. Acad, 
vol. xiv, p. 200 (1879). 

The generic diagnosis reproduced in the 4 Challenger ’ Report, 
p. 187 (1S81), is mainly comparative. I give a diagnosis which 
has been abstracted from the description of the species by 
A. Agassiz, and tested by the drawings (Report, p. 187, 
pi. xxiii.). 


Genus Cjonobeissus, A. Agassiz, 1879, 2 J roc. Amer. Acad. xiv. 
p, 11, p. 206; 1883, Report on £ Challenger 9 Echini, p. 187. 

The test is of moderate size, long, suhcylindrical, depressed, 
ovoid in marginal contour, with a notch in front and a beak 
behind, tumid above and at the sides, and with a convex actinal 
surface which is keeled broadly as far as a posterior beak. Test 
highest in the posterior third, longer than broad, and about 
as broad as high; rounded anteriorly, where there is a broad 

17* 



200 


Hi OP. V. M, DUUCjVN’s JtEVIStON OF THE 


and rather deep groove extending from the apex to the peri¬ 
stome ; posteriorly there is a decided beak, above which is the 
pcriproct, circular in outline, and situated in the posterior 
truncation* 

Apical system excentne in front; there are four basal plates, 
and they are perforated by the generative ducts ; the madropo- 
i'ito is in the usual basal, aud it passes backwards between the 
posterior bnsals and radials into the posterior interradium. 

The ambulacra dissimilar; the anterior is sunken, and there is 
a pair of minute pores to each of its plates. The other ambu¬ 
lacra are subpetaloitl, not closing, aud in very slight grooves. 
The antero-lateral are the shortest and are nearly transverse; 
and in all the poriferous zones are wide, the pores being 
unequal, and the inter poriferous areas being very narrow. The 
exceedingly shallow ambulacra are almost devoid of tubercles. 

The inierradia are unequal, the posterior being the narrowest; 
there are a few largo primary tubercles in eaeli within the peri- 
potalous fas dole; elsewhere the ornamentation is of rows of 
large granules, but it is largest on the keel and the extremity 
of the beak, 

Peristome excentric in front, semi-lunar, broader than long, 
with a small posterior lip. Periproct small, circular, many- 
plated, just above the plates surrounding the upper part of the 
beak. Beak blunt, slanting from below upwards, and with a 
comparatively level upper surface, 

Subanal fascicle surrounding the base of the keel, ovoid, 
with the point downwards. Pen petal o us fascicle oblique, narrow 
and extending across the ends of the ambulacra and cutting across 
the aid orior groove far above the peristome. The sternum arched 
and keeled. The tubercles within the fascicles carry long curved 
spines, elsewhere they are shorter, except on the sternum. 

'Recent, Arafura Hea, 800 fathoms. 

Alex. Agassiz, in his description of the genus, remarks that, the 
genus forms a transition between his Brissina and the Ton Ha- 
less him. The groove of the anterior ambulacrum is far less marked 
than in the Pourfcalesihha The aetinal surface is not flattened as 
in the last-mentioned family, hut arched. The arrangement of 
the tubercles in the interradia within the peripotaloua fascicle is 
like that of some species of Met alia. 

The genus Tuberaster, 1885, Poron el Gauthier, fich. fuss, do 
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1*Alger, fase. ix. p. 46, pi. iii. figs. 1-4, is not a satisfactory genus, 
and there is little evidence of an internal or of a peripetalous 
fasciole; indeed, Humbert does not draw a sub anal. It is 
therefore not placed. If the fascioles were present, the genus 
would be Lovejiia (see p. 263), and if absent, Hemipatagus 
(p. 222). 

Genus Echwocabdium, Gray, 1825, Annals JPhil. p. 8 ; 1855, 
Cat, Bee, Ech. Brit. Mas . pt. i. p. 42. Loven , 1874, 
Eludes , p. 55, pis. 3,12, & 39; 1883, Pourtalesia , pis. 15, 17. 

Syn. Amplddetus , Agass.; Amphidotus , Forb. 

Test moderate, thin, cordiform or oval in tumid marginal out¬ 
line, gibbous, deeply and broadly grooved in front, truncated and 
highest behind ; broader than high, rather flat dorsally in front, 
high and broadly keeled behind the vertex, which is behind the 
centre. Act in ally with a tumid plastron projecting downwards, 
a prominent labrum, and a sharp end to the plastron behind. 

Apical system at the termination of the abactinal groove, 
excentric posteriorly, small, with four basals with large pores; 
the madreporite extending between and in the rear of the postero¬ 
lateral basals; the radial plates small. 

Anterior ambulacrum in the groove; the pores small, single, and 
irregular, or in pairs sometimes biserial or alternating where 
included within the internal fasciole, and close near the apex, 
where the tentacles have crenulated or stellate disks with a 
central bulge and one or two large spicules. The pores are 
larger and more distant anteriorly, where there are simple 
locomotive tentacles with peripodia and penicillate tentacles, as 
actinally. Lateral ambulacra in slight grooves, triangular in out¬ 
line, widely open towards the apical system, where they are 
limited by the internal fasciole, narrow distally; the pairs of 
pores large and not numerous ; the outer poriferous zones form¬ 
ing an arch with a slight discontinuity ; the tentacles branchial. 
Actinally the ambulacra are plain and rather broad near the 
peristome, but narrow on either side of the plastron ; the peri¬ 
podia with capitate filaments. 

Peristome large, semilunar, with well-developed membrane- 
plates, which are largest anteriorly, the anterior lip at a much 
higher level than the posterior, which is pointed and blunt. 
Spheridia exposed. 

Interradia narrow above, large actinally, all with a single 
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peristomial plate; the plates 2 and 3 of zone a <£ ,J of the right 
posterior iutomwliuin united; an amphistcmwn. 

Poriprocfc, high up in the posterior taco, (elliptical, vertical, with 
well-developed plates, largest at the edge. Tubercles largest 
actinally, with short delicate, often. Spain late spines, smaller and 
crowded abactimilly with shorter and silky spines. 

Fascicles, an internal, an anal not closing above, and a closed 
snbanah including three ambulacra! pores on either side, belong¬ 
ing to 7th to 9th plates, with pome,illaio tentacles. 

Fossil, Eocene: P Europe. Miocene: Europe* Late Tertiary: 
England, N. America. 

Decent. N. ’British and Scottish, seas, 3ST. Atlantic, Mediter¬ 
ranean, Japan, ii Indian seas, E. Africa, Capo of Good Hope, 
Australian and JNL Zealand seas,’.Florida, N. &S. Carolina, Brazil. 
Littoral to 2075 fins. 

Genus Breynta, Donor, 1817, Ann. Sc\ Nat. Zool. ser. 8, 
vol. viii. p. 12. Gray, 1855, Cat. liec. Feh. Frit. Mas, pt. i. 
;p. 4(5* A. Ajamz, 1872-4, Decision, p. 578. Lovhi , 1874, 
.Eludes, pi. 41; 1888, Donrtalesia ,p, 55. Duncan J &'laden, 
1885, Pal. Inti ser. xiv., Foss. Felt. W. Siml, p. 842, pi Iv. 

Test moderate and large, thick, ovoid or cordiform in tumid 
marginal outline, depressed, flatly arched dor sally, highest behind 
the centre, rounded and notched in front, obliquely truncated 
behind, actinally resting on a spot anterior to the peristome, and 
on the posterior point of the small triangular plastron. 

Apical system in front of the vertex, small, with four basal 
plates; the madroporito separating the basal plates, and ex¬ 
tending posteriorly and separating the posterior radial, plates. 

Anterior ambulacrum in a more or less decided groove, which 
notches the anterior part of the test, the single pores numerous 
dorsalty ; tentacles long, slender, truncated, and with small pro¬ 
cesses ; and beyond the crossing of the inner fascicle, anteriorly, 
the pores arc larger and'more distant* Lateral ambulacra trian¬ 
gular beyond the internal fascicle, with few small single port's 
converging to the apical system, within its area; the outer series 
of pores in pairs large and separated by costa*. The antero¬ 
lateral ambulacra nearly transverse, the postero-laterol straight 
or wavy and not very distant distally; pairs of pores as in the 
antero-lateral ambulacra. Actinally the posterior ambulacra 
have wide zones which limit the plastron. 
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Lateral interradia with large plates next to the very small 
peristomial ones; plates 2 and 3 of zone “ a” of the right pos¬ 
terior interradium united. Posterior lab rum elongate; sternum 
symmetrical and small. 

Peristome semilunar*, open, the margin nearly formed by am¬ 
bulacra! plates, the interradial plates just entering or not, except 
the posterior, which forms a labrum. Periprocfc in the posterior 
truncation, in a depression, ovoid. Tubercles small upon the 
aetinal surface and on the margin. Several large perforate 
scrobiculate sunken primary tubercles, their xnamelon small and 
doubtfully crenulate, in all the interradia, except the posterior, 
dorsally. 

An internal fascicle closed; a subanal, broad, closed, environ¬ 
ing six of the ambulacra! pores on either side beyond the fifth 
plates ; a peripetalous fasciole passing beyond the petaloid parts 
of the ambulacra and limiting the great tubercles. 

The spines of the large tubercles, none of which are on the 
posterior interradiuni dorsally, arc long, slender, curved; the 
aetinal spines very small and slender. 

Fossil . Miocene: E. India; Europe ? 

Recent. lied Sea, Japan, Sandwich Islands, Australia. 

The species said to be Eocene by d’Archiac and Haime are 
now known to be Miocene, and the species described by 
M. Cotteau from the Antilles are not members of the genus 
according to Desor. 

Genus Loventa, Agassiz $ Desor , 1847, Oat ah Rais., Ann. d. 
Set. Nat. vol. viii. p. 10. Gray, 1855, Cat. Ree. Ech. Brit. 
Ntis. pt. i. p. 44. A. Agassiz, 1872-74, Revision , pp. 139, 
574. Levin, 1874, Etudes, pi* xliii. Duncan, 1877, Quart . 
Journ, GeoL vol. xxxiii p. 58, pi. iv. figs. 5-8. McCoy , 
1879, Pal. Viet, GeoL Sure, deead. vi. p. 37. 

Syn, Sarsella , Fomel; Tube raster, Peron P 

Test moderate or rather small in size, variable in. thickness, 
thin or rather stout, cordiform or ovoid, depressed or rather 
tumid in the thick forms; an anterior groove and a posterior 
truncation. 

Apical system excentric in front, with four perforated basals, 
and the madreporite separating the posterior basals and radial 
plates. 
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Ambulacra diverse, interfered with by (be interna! fascicle; 
lateral petaloid ambulacra flush, with ibe poriferous /.ones sunken, 
with their outer poriferous /-ones forming a mom or lews cres¬ 
centic tract; the anterior poriferous zones of the nuioro-latera! 
petals nearly transverse, and with pairs of pores more or less 
aborted within the fascicle. Anterior ambulacrum in the groove, 
narrow, with small pairs within the fascicle. 

Peristome exec,nitric in front, subcircular or semilunar, the 
labrum narrow but very long, followed by a small amphisternum, 
which, with the adjacent broad ambulacra! areas, forms a wide space 
comparatively free from tubercles. Largo tubercles, abactinally, 
varying in number, scrubiculatc, erenulafo and perforated on the 
interradia except the posterior; in the thin tests i ho serobicules 
form prominent parts ( u purses ”) within the test, but not or only 
slightly in thick tests. 

Interradia with the second and third actinal plates of the 
lateral interradia very large; and union of the plates 2 and 3 of 
zone a of the right posterior mtorradium. Periproet large, in 
the posterior truncation. 

An internal fasciole crossing the petaloid parts of the antero¬ 
lateral ambulacra, and hounding the anterior groove and crossing 
the anterior odd ambulacrum. A subanal fasciole including the 
6-9 inner ambulacra! plates, three or more pairs of pores being 
large and within the elongate transverse fasciolar area on either 
side. 

Spines, pointing backwards, long and slender actinally and 
laterally, short elsewhere, thoso within the subanal area pro¬ 
jecting backwards in two tufts. Anal plates largo near the 
circumference. 

IfomL Tertiary; Crimea, Corsica, Malta, Algiers, lava, Aus¬ 
tralia, Now Zealand. 

Remit. Gmya<]«il, Gulf of California, Pod So a, Australia, 
Philippines, Arafura Sea, Cape of Good Hope, China, Japan, 
Sandwich Islands. 10 to 28 Huh. 

The small forms with thick tests found in the Australian 
Tertiarios show slight vestiges of the internal wcrobicular pouches, 
so that the genus has been modified in 1877 to receive them; 
there is no room for a new subgenus, such as &lamella, which 
would include such forms according to M. Pomel (Theses, 1883, 
P- »«>• 



GENERA AND GROUPS OP THE ECHXNOXDEA. 


205 


The Spat any its referred by Dr. Wright to S. ocellatus , Desor, 
from Malta, is a true Lovenia .* 

* The jumble which some palaeontologists have made of Lovenia, Sarsella, 
Mar diet, and Hemipatayus is great. It is necessary, in the first instance, to 
consider Sarsella mauritanica, Fomel, quoted by M. Cotteau, Ech. foss. de 
I’Alger, fasc. is. 1885, p. 36, pi. i. M. Pomel diagnosed Sarsella as a sub¬ 
genus of Lovenia without the internal swellings of the test. It has been 
shown that this character depends upon the thickness of the tests and is 
not more than of specific value. On page 37 M. Cotteau tells us that 
<! Les fascioles [in the species under consideration] ne sont visibles sur 
aucun de nos examplaires, et malgre l’oblite ration des pores, pres du 
sommet, nous ne sorames pas absolument certains qu’il y ait eu un fasciole 
interne. . , . Aussi avons nous longtemps hesite au sujet de Tattribution 
generique de cette espece au genre Sarsella ou au genre Maretia.” Further 
on M. Cotteau states:—“ M. Pomel tout en rapellant. en tete de sa description, 
que son genre Sarsella est muni de ce fasciole, n'affinne pets neitement Vavoir 
distingue sur ces cxemplaires , et il n’en donne aucun detail.” Now, although 
M. Cotteau had this knowledge before him, he did not put the subgenus 
on one side, but recognized it as a genus. The palaeontologists, Messrs. 
Etheridge, McCoy, T. Woods, and the author of this Revision, who 
examined and described the Australian Lovenue and classified them, have 
then little to thank MM. Pomel and Cotteau for, in removing their well- 
established genus and species to a subgenus or genus which has not had 
its type sufficiently defined to bo of the slightest value. One would have 
thought that the absence of fascioles and the general appearance of the African 
species would have been of some weight when M. Cotteau, after doubting 
between Lovenia , Sarsella , and Maretia , thought of Hemipatayus , Pesor, as a 
possible genus. He considers, however, that the resemblance is " assez loin,” and 
adds that the two types belong to different horizons, and in fact are very easily 
distinguished, He then gives the distinctions to be the variation in the number 
of the large interradiai tubercles, their being higher up in the African form, 
and this is also less swollen. Now these are no distinctions; and from 
Humbert’s usual good drawing there can bo little doubt that an internal 
fasciole never was present in many, that the petals arc unlike those of Lovenia , 
and that there is great doubt about a subanal fasciole. 

Sarsella therefore is nob a good group, and whilst some of its species would 
be true Lo venue, such as the Australian, the type S. mauritanica, Pomel, is a 
Hemipatayus. 

M, Pomel has found out that Breynia sulcata , Hairne, is a Sarsella. He has 
never seen the type, and I have had that advantage, and have not the slightest 
doubt that he is mistaken, and that it is one of the most typical of the genus 
Breynia . 
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IV. Division a /n? a* 

Spatangoidea with Hush, apetalous, and generally utiiporous, 
ambulacra, similar or may bo diverse; plates high, low, often 
hexagonal. Apical system usually ethmophraet; phyllodian pedi¬ 
cels with a simple marginal row of IS laments. .Fascicles present 
or absent. 

Section Ad ictus. 

Genus Gmicopatuyus. 

Paheohnsms. 

Sectio n P n y m n a i > kt ks . 

Genus Acesfc. 

A trope. 

Section V ry m nod kk m lA. 

Genus Otmlasier, 

Paheotropns* 

Homalampas. 

Art/opatagus . 

Cldsluchinus. 


IV. Division Ape tala* 

Section Aides. (’Without fascicles.) 

Genus Gekicopatacws, A. Agassiz, 1879, JProc. Am. Acad* xiv. 
p. 210; 1881, Report on the 'Challenger' Echini, p. 161. 
Locen, 1883, Poiirtalesia, pp, GO, 70. 

The test is moderate in size, circular in outline at the ambitus, 
rather lint and depending posteriorly aotinnlly, tumid above, 
being highest and sloping roundly and sharply posteriorly and 
gradually in front, nearly hemispherical in outline at the sides 
and over the top. The apex of the test is far back, and there is 
the apical system. 

Apical system with three perforated basal plains and a largo 
right anterolateral basal with the madreporite, without a pore 
for the genital duct, and a small accessory imperforate plain, 
possibly a posterior basal, placed close to the left posterior 
basal. The madreporite is restricted to the anterior part of the 
right anterior basal, which separates the posterior basals and the 
posterior' radials. Eadial plates well developed and perforated, 
their poro being visible from above. 
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Ambulacra similar, apetalous, Hush, with high plates ; the an¬ 
terior is long ; the antero-lateral ambulacra are slightly arched, 
concavity in front, and the posterior are wide and ornamented 
on either side of the plastron ; number of plates small; zones 
increasing in width to the ambitus and then diminishing to the 
peristome. Pores solitary. Tubercles in the ambulacra small 
and from one to four to a plate with miliaries. 

Interradia wide, especially the anterior, with hut few plates, 
and these are high and carry several tubercles, whicli increase in 
number and size actio ally. 

Peristome exeentric in front, semilunar, with a broad, long, 
posterior labrum. Large pedicels around the mouth. The 
sternum is low, and with a true plastron (amphisternous) on 
which the tubercles are slightly crowded. There is a slight pos¬ 
terior actinal keel. The periproct is small, posterior, and either 
close above the ambitus or at a little distance from it, and 
superior to a projection. 

The spines arc small, straight, cylindrical, and largest actinally; 
all are short and delicate. There are no fascioles. 

Recent. Antarctic Ocean, from 1950 fathoms. 

A. Agassiz remarks that the shape of the test varies, and some 
young forms are conical; but with age the test is more de¬ 
pressed and the keel becomes prominent, whilst the periproct 
gets nearer the ambitus. 

The colour varies from violet to a dirty green. 

The ambulacra of this genus are narrow in relation to the in¬ 
terradia, and in both areas there is a remarkable paucity of 
plates, and as the apex is fax 1 back the anterior ambulacrum is 
long, and the anterior interradia are large. 

The ambulacral pores are shown to be single in the drawing 
given by Loven in ‘ Pourtalesia/ p. 76, and it is evident that 
there is some variability in the structure of the apical system 
(see A. Agassiz, Report on 4 Challenger 7 Echini, pi. xxxv a). 

A, Agassiz considers that Genicopatagus has striking affinities 
with Holaster , Car diaster , and Tox aster. He notices that the 
ambulacra in Genicopatagus are slightly sunken as in Toxaster , 
that their structure is that of Oardiaster , and that the outline of 
the test recalls that of llolaster . He shows that the genus 
differs from Ralceopneustes. He considers that the apical system 
is more like that of Oardiaster , not being so elongate as in 
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Holm ter . The Hat actmal surface and tlie globular outline 
remind that author of Cardiader , but the actinostomo Is more 
central than in Car (Under. 

Loven, * Pourtalcyta,’ p. 60, notices that Genieopatagus, in 
common with the other abyssal genera, is apelalous; the ambu¬ 
lacra are (lush with, the test, and only contract up to the top. 
The plates are few, as high as they are broad, or nearly so, are 
regularly hexagonal; the pores are very minute, and placed cen¬ 
trally or subeentrally, and the pedicels are small and simple. 
The description given by Loven (p. 76) of the apical system of 
Genicopalagus a fJin is, A, Ag. f we have taken to be generic in 
preference to the delineation and descript ion given in the 4 Chal¬ 
lenger’ Iteport, for it is probable that the specimen therein 
described was imperfect. 

Genus Pauxobrissus, A. Agassiz, 1883, Report on ‘Blake* B.vped. 
Bek, Mem. Mas. Comp . ZoU. llarv. vol. x. no. 1, p. 56, 
pi. xxiv. 

Test moderate in size, ovoid in marginal outline, widest an¬ 
teriorly ; narrow and truncated posteriorly; tumid but depressed 
dorsaily, more or less flat actinally, projecting downwards 
posteriorly. 

Apical system cxeentric in front, at the vertex, small, compact; 
four basal plates in contact; the genital pores small iu the 
anterior pair and large in the posterior basal plates; radial 
plates small. 

Ambulacra diverse, flush, apetalous; the anterior with small 
distant pairs of pores ; the paired ambulacra widely open at the 
ambitus, increasing in breadth from the apex, the pairs wide 
apart, few, the pores largo and circular, remote from the apex, 
act in ally in peripodia. 

Intorradia with numerous plates, with distant primary tu¬ 
bercles, small and of uniform size, but increasing towards the 
ambitus; miliaries between 5 primary tubercles closer aetimilly, 
but the ambulacra arc bare. 

Peristome semilunar, cxeentric in front,labrum projecting; an. 
amphisternum. Periproct circular, low down in the posterior 
truncation. Tentacles of the abactinal pores broad, flat, and with 
small disks, the actinals fimbriated. 

Primary spines small, slender, straight; miliary spines one 
third of the length of the others; short-stemmed, stout-headed 
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and large-headed tridactyle pedicellarim on the ambulacra; scat¬ 
tered upon the test irregularly are long-stemmed, large, slender, 
open-headed tridactyle pedieellarise. 

Recent. Caribbean Sea, Barbados, 82-185 fathoms. 

Section Rrymnadetes. (Subanal fasciole absent; peripetalous 
faseiole present.) 

Genus Aceste, Wyv . Thomson , 1877, Voyage of the 4 Challenger* 
Atlantic , vol. i. p. 376, figs. 95, 96. A. Agassiz , 1881, Report 
4 Challenger 5 JEchini , p. 195, pis. xxxii. & xxxiii a. Loven , 
1883, Rourtalesia , pp. 53, 88, pi. xx. 

Test small and moderate in size, long, low, narrow, and ovoid or 
obcordate in marginal outline, broadest anteriorly, where there is 
a large deep groove dorsally ; narrowest posteriorly, and more or 
less vertically or obliquely truncated there ; test rising gradually 
from the anterior part to the posterior, gibbous vertex; tumid 
and broadest near the dorsum, narrow actinally; the broad 
abactinal groove extending far back from the anterior notch. 

Apical system very excentric posteriorly, placed at the vertex, 
small; two basal plates, each with a large genital pore; the 
madreporite small, and either between the plates or in the right 
anterior basal plate; radial plates small. 

Anterior ambulacrum very broad, placed in the anterior groove, 
commencing far back ; the plates very broad, low, numerous ; the 
pores simple near the apex and double along the abactinal groove, 
single actinally, rows distant. Antero-lateral ambulacra flush 
and apetalous; long, narrow, with tall, narrow plates; those of 
the anterior zone are small and uniporous; the plates of the 
posterior zone biporous. These ambulacra pass along the outside 
of the anterior groove to the anterior third of the test and then 
over the flanks to the peristome, and they are directed almost 
transversely abactiually. Postero-lateral ambulacra broader than 
the antero-lateral; plates high and narrow abactiually, flush, 
apetalous, and uniporous; actinally the plates are large and 
long. 

Interradia: the antero-lateral narrow, the postero-lateral 
broader, and with the plates 2 and 3 of zone a of the right 
area united actinally. 

Peristome quite anterior, vertical, at the anterior and actinal 
end of the groove, elliptical or subpentagonal, with a plated 
membrane, the largest plates towards the outer part; mouth 
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suIj central; tlie anterior margin formed by broad ambulacra! 
plates; pcristomial in ter radial plains very narrow ; the labrmn 
narrow, long, projecting slightly; a true amphistemum, which 
is large and prominent. Phyllodian pedicels with a double} 
marginal series of circumferential filaments and a central live- 
partite bulge. 

The ornamentation is small and miliary with in the great groove; 
small primary tubercles at the edge, larger beyond the fascicle., 
and increasing to and over the margin of the test, crowded on 
the sternum, usually several tubercles on a plate; ambulacra 
bare aotinally. A peripeialous fasoiole close to the sides of the 
groove! abaci in ably, crossing it in front and passing over the test 
between the apical system and the posterior e:\iremiiy, and 
crossing the lateral ambulacra not far from the apical system, 
and not interfering with the continuity of the pores. 

Periprod; in the posterior truncation, circular, with, numerous 
concentric anal plates. Spines short, some larger and spathifbrm, 
crowded on either side of the abactinal groove and upon the 
sternum, those surrounding the pcriproct long, bent, and pointed ; 
other spines smaller and curved. Some minute mushroom¬ 
shaped spines in the anterior groove. Large tentacles within the 
fascicle and in the anterior ambulacra, with huge disks, fur¬ 
nished with very numerous radiating, narrow, pointed supports 
in a circle. 

Recent . Sandwich Islands to Low' Archipelago, Buenos Ayres 
to Tristan da Cunha, Canaries; 000-1900 to 2000 fathoms. 

The genus Air ope had a. somewhat rema.rlin.hlo origin. The 
£ 0,lutllonger ’ Expedition started at the close of the year 1S72, and 
whilst in the Bay of Biscay, in that year, according to the Report 
on the* Challenger* Echini by A. Agassiz, 18X1., p. I9R si species 
of the genus was dredged, and a similar form was got from the 
coast of Portugal in 1,878. Nothing was heard of the ex I in¬ 
ordinary form, and no notice wan published of it, until Hir Wy villo 
Thomson in 1877 described other specimens, which were dredged 
in May 1873 between Bermuda and 180miles 8.R of Bandy Hook. 
These specimens were described m Sir Wy viile Thomson's unoflD 
dal work, ‘ Voyage of the Challenger,’ Atlantic, i. p. 880, fig. 90 
(1877). The description given is of a species, not of the germs. 

In 1878 the * Valorous 1 sailed with the late Dr. J. Clwyn 
Jeffreys and Mr. (now Dr.) Herbert Carpenter, and in a deep 
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dredging in Davis’s Straits an unknown Echinoderm was got. 
This form, with a great number of Invertebrata, was confided to 
the Bev. A. Norman for description. In Jime 1870 Mr. Norman’s 
report was read before the Eoyal Society, as forming part 
of that of the director of the Expedition (Prom Boy. Soc. xxv. 
pp. 202-215, June 1876). The notice is excellent, and it is stated 
before the description, “ a remarkable new genus of Echinoidea 
occurred here.” On p. 212 it is written, <e This new and most 
interesting form will be named Aerope rostrata by Sir W. Thom¬ 
son and there is a footnote, <c When this description was read 
I had suggested a name for the present species ; but having since 
learnt from Sir W. Thomson that it has also been procured in 
the 4 Challenger ’ Expedition, I gladly adopt the above name 
under which I found that he was about to describe it.” The 
fi Challenger 5 returned in May 1S76. 

Sir Wyville Thomson handed over the Echini of the 4 Chal¬ 
lenger 9 to their able describer A. Agassiz in 1876, who pub¬ 
lished a differential and critical definition of the genus Aerope 
in the official report, 1881. 

lie left Mr. Norman out of the matter, and his references 
to the Eoyal Society’s Proceedings by mistake relate to Sir 
W. Thomson instead of Mr. Norman. A. Agassiz wrote, 4 Chal¬ 
lenger ’ Eeporfc, p, 190, that the genus was first described 
by Sir W. Thomson in the Voyage of the c Challenger,’ vol ii. 
p. 28 (correct reference vol. i. p. 380). There is no doubt 
that A. Agassiz had not had the opportunity of knowing that 
Mr. Norman’s description was the best and earliest. 

Genus An rope (described without a name, 1876, A. Norman , 
Proc. Royal Soc . 1876, p. 211), Wyv. Thomson , 1877, Voyage 
of the 4 Challenger ,’ Atlantic , vol, i. p, 380, fig. 90. A, Agassiz, 
1881, Report on the 4 Challenger ’ Echini , p. 190, pis. xxxiii., 
xxxiii a. 

Test small to rather large, rather stout, very elongate, generally 
cylindrical, higher than broad, oval and acuminate posteriorly, 
slightly rounded in front in marginal outline, and sloping anteriorly, 
highest centrally, and convex actinally behiud the peristome. 

Apical system excentric in front, within the anterior slope, 
with four basal plates, perforated, tbe ducts ending in as many 
tubes; madreporite in the right anterior plate extending to the 
centre; antero-lateral radial plates small, and separating the 
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lateral basal plates, but not uniting centrally in consequence 
of the madreporite. 

Anterior ambulacrum in the front part of the depression, larger 
than the others ; its rows of pairs of pores far apart and the pores 
larger than those of the other ambulacra. The antero-hitoml di¬ 
vergent;, and the postero-lateral passing back ah a small angle 
and very long ; both narrow, flush, ape talons, with small plates, 
each with a pair of pores above the ambitus, and with large 
pores in peri podia around the peristome; the plates of the 
posterior pair very long acfinally on either side of the sternum; 
pairs of pores very few in number. 

luterradia with very much larger plates than the ambulacra, 
the postero-lateral very broad, a long narrow poristomia.1 plate in 
front of a true and more or less keeled amphistemiun; other 
per i atom ial plates narrow. 

Peristome excentrie in front, circular, with the labrum 
projecting on a lower level than the opening. Poriproct dorsal, 
flush, and elliptical, pointed forwards, somewhat remote from the 
posterior end of the test; membrane with concentric plates. 

Tubercles small, somewhat numerous on the abaetinal inter- 
radial plates, one on each ambulacra! plate dorsally, largest on 
the sternum. 

A. broad fasciolo extending* obliquely from close behind the 
vertex, which is subcentral, around the edges of the anterior 
depression and curving aetinally close to the anterior margin, 
crossing the ambulacra and including a broadly elliptical space ; 
apparently the pores of the paired ambulacra are uniporous below 
the fasciolo, 

A few very large disci fore us tentacles in two rows in the 
anterior ambulacrum; and some large penieillato tentacles 
around the peristome, Spines, some club-shaped, the others 
acuminate cylindrical; the first kind commonest acfinally and 
behind the fasciola, spathiform. and large upon the sternum, 
hollow, longitudinally ridged, 

licceni. Davis Straits, ’Bay of Biscay, coast of Portugal, 
E. coast of IJ. States, 130 miles from Sandy Hook, Arafura Sea.. 
800 to 1750 fathoms. 

In the “beautiful drawing given in the * Challenger ’ 'Report, 
pi. xxxiii a* fig* 10, there is a possibility of the existence of a 
fifth imperforate basal plate. It is very important that separate 
descriptions of tbe specimens from Davis Straits and the 
remote Arafura Sea should be presented to science* 
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Section Fgrmnodesm ict. 

(A subanal fasciole, others may be present.) 

Genus Otdlastee, Got teem, 1884, Full. Soc. Zool. de France, 
vol. is. p. 328, Seimes, 1888, Full . Soc. Geol, Fr. ser. 8, 
vol. svi. p. 808. 

Test of moderate size, thick, elongate, rounded and slightly 
enlarged in front, sub-acuminated and truncated behind, slightly 
keeled above and tumid actinally, very faintly grooved in front. 

Apes very excentric in front. Apical system with the four 
lateral basal plates in contact, the madreporite in the right an- 
terior plate. 

Ambulacra dissimilar, flush with the test and apetalous j the 
anterior narrow, and its pores less apparent than those of the 
others. Antero-lateral ambulacra very widely divergent, with the 
poriferous zones arched concavity forwards. All the paired am¬ 
bulacra are narrow, barely fiexuous and very angular at the apex; 
poriferous zones composed of small pores lodged in fossettos, 
arranged in close pairs near the apex and much more distant 
towards the peristome. The pores open quite at the base of the 
plates, which are tali. 

Tubercles abundant, scrobieuiatc, the intermediate granules 
homogeneous. The peristome is subcircular, slightly sunken, and 
very excentric in front; the sternum long and sub-pointed. Tine 
periproct is oval, high up, and is near the summit of the posterior 
surface. A subanal fascicle. 

Fossil, Cretaceous: Europe (Prance). 

Genus PalzEOTROPUS, Loven , 1872, Eludes , p. 17, pis. xii., xiih, 
& xxxii. A. Agassiz, 1881, Report on Challenger 9 Fellini, 
p, 157; 1883, Report on * Flake 9 Echini , p, 54, pL xviii, 
Loin'll, 1883, Fourtalesia , p. 78, fig. 208. 

The test is small, has an ovoid contour, is uniformly tumid 
above, moderately convex below, and is slightly flattened poste¬ 
riorly, and well rounded at the sides, smooth. 

The apical system is slightly excentric in front, consolidated, 
and more or less pentagonal. The basal plates are fused in a mass, 
and there are no sutures; the madreporite is indicated by a fissure, 
or by pores near the position of the right anterior plate. The 
radial plates are distinct, small, and perforated, and the posterior 
pair are separated. There are but two generative ducts having 
their pores at the tops of two large tubular eminences. 

LINN. JOURN.— ZOOLOGY, VOL. XXIII. 18 
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The ambulacra are flush with the test, apetalous, and the five 
or six plates nearest the apex are small, in a, single series; lower 
down and to the peristome there is a double series of ambulacra! 
plates. There is but one pore to a plate except at the peri- 
stomial edge, where there are two in. some plates. A subcircular 
subaual fascicle only. The internal plates (>, 7, 8 of the broad 
bivium are elongate and are within the e pi sternal angle in 
relation to the fascicle, and plates 7 and 8 have their pores 
transposed to the cpisternal side of the suture. Pliyllodian 
tentacles with a single marginal row of filaments. Tubercles 
small, several, on a plate, largest aetiually. 

Peristome widely open, more or less semilunar, with a small 
labrum. The second and third plates of zone a in the right 
posterior interradium are fused, Ail amphisteruum, and the epi~ 
stomum is symmetrical and well developed. The periproet is 
oval, longitudinal, placed towards the middle of the posterior 
face, and it is comprised within the first live abdominal plates, 
being separated from the episternuin by one double plate only. 
Oral and periproctal membrane-plates well developed. 

Recent* Azores, 250 fins.; Caribbean Sea, 82-242 tins.; be¬ 
tween Bermuda and mainland, 283 fins.; Philippines, 875 Bus. 

The typical species is P. Josephime, Loven. 

The interesting type of this genus was dredged off the Jose¬ 
phine "Bank, and it measured eleven millimetres. It was doubt¬ 
less immature, and upon the admission of that supposition 
changes will probably have to be made in the diagnosis. Other 
specimens of PuJvotropns Joseph! it te, Loven, have been discovered 
in the Caribbean Sea? and A. Agassiz wrote upon them in the 
1 Blake ’ Expedition, ’Report on the Echini, p. 58 (1888). A small 
specimen 10 mil linn in length did. not differ from that figured by 
Loven. 

Older specimens measuring 28 million in length (plate 
xxiiu) are comparatively less globular and more llatteried, but 
otherwise do not vary greatly in appearance from the younger 
specimens. 

A. Agassiz remarks that there is little difference in the 
arrangement of the ambulacra! plates in young and old speci¬ 
mens ; but ho figures the ambulacra of his specimens with double 
plates near the apex. There are only two generative pores in all 
the types, and Agassiz remarks on the presoneeof the basal 5. On 
comparing the drawings of Palwotropm Jmephmm in the * Blake 
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Echini, 5 pi. xxiii., the distinctions between them and those of Loven 
seem remarkable. The apex is very excentric in front in the speci¬ 
mens figured by Agassiz, the ambulacra are double near the apex, 
the apical system is longest transversely, and the fifth basal is 
visible. The shape of the mouth and of the anus, the visibility 
of the pentagonal fascicle from below, and indeed the shape of 
the test as a whole differ in the two forms. These are startling 
differences to find in the same species. 

Agassiz mentions Palceotropus Thomsoni, and the diagnosis he 
gives ( c Blake Echini, 5 p. 55) shows that the form differs most 
strikingly from all the other specimens of Palmotropns. It is 
closely covered with uniform tubercles on the abactinal side, and 
has a proportionally greater number of coronal plates and a 
high test with a keeled posterior interradium. The apex is 
more posterior than in P„ Josephines. He remarks that the 
species “ differs most strikingly from all the other species,” and 
refers to the bare posterior lateral ambulacra actinally, the very 
elongate plastron, and the longitudinally elongate fasciole. Ho 
illustration is given of the species, which was dredged from a 
depth of 238 fathoms between Bermuda and the mainland. 

Another species was described by A. Agassiz in the Beport 
on the 6 Challenger ’ Echini, p. 15S (1881). In this, Palceotropus 
Loveni, there are three generative pores and no fifth basal; the 
mouth, anus, fasciolar space, ornamentation, and the shape 
differ from those of the original type; moreover there is a 
wide anterior ambulacral groove drawn on plate xxi. fig. 6. 
As this form came from the Philippines, a considerable departure 
from the type was to be expected. Considering the history 
of Uemiaster, it may belong to Loven ? s genus. 

Genus Homojdampas, A. Agassiz, 1872-74, Revision of the Echini , 
pp. 347, 562; 1881, Report on the c Challenger ’ Echini , 
p. 163 ; 1883, Report on i Blahe 5 Echini , p. 87. 

Syn. Lissonotus , A. Ag., 1869. 

Test large, elongate, cordiform, notched at the anterior mar¬ 
gin considerably, and less so posteriorly; depressed, longer than 
broad, broader than high, and broadest and highest in the 
anterior third. Yery flat actinally, but with a keel in the median 
line of the plastron. Highest anteriorly, where it is boldly 
curved and precipitous, and sloping gradually posteriorly to the 
short truncation. A broad anterior groove. 


18* 
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Apical system very eccentric in front, with four perforated 
barm,l plates; the madroporifce largo, in the usual basal, separating 
the lateral basals and the posterior radial plates and extending 
backwards. "Radial plates small and distant. 

Ambulacra apetalous, uni porous; the anterior ambulacrum is 
in 'the anterior groove; the lateral ambnlaera are widely sepa¬ 
rated, somewhat waved, widen from the apical system to the 
ambitus, and thence they become narrow to the peristome. The 
posteredateral are very long. The plates are rather high, and 
the pores are in simple series. The interradia are broad and 
have large plates. The -peristome is semilunar, with more or 
lews rounded angles. There is a thin lahruin. 

The plastron is amphislcruous, is covered with a tubercular 
ornamej i tail on, and is bounded laterally by t he broad and com¬ 
paratively hare actinal. plal.es of the posterior lateral ambulacra. 
The peri p rod is small and oval, longest nearly vertically, and 
situate in the posterior face close above the margin. 

The ornamentation of the interradia abaetinally is of a few 
largo primary tubercles much larger than any others, and there 
are secondary tubercles and miliarias in abundance, Actiually 
the primaries arc smaller, arc surrounded by a sunken sc,co¬ 
incide, and tins is also seen from within the test as a sunken 
“purse,” as in Lovenia. The spines of the large tubercles are 
gigantic and curved, and those of the smaller tubercles are 
small and curved; those of the actinal side are spathiform. 
There is a subanal fasciole, which is broad and pentangular, 
pointed downwards and with indistinct anal branches. The peri- 
petahms fawciole is inconstant, thin, and incomplete. 

Mmmt. {Straits of Rloriiki, 751.1020 fins.; coast of Brazil, 

32-.JfiHl lius; and Pacific, Sandwich islands to how Archipelago, 

21-25-2-175 tins. 

There arc two species. The type was an immature form. 


Gonuw A mi o.mvi!.A. (ins, A, 1881, Bcpm't on IhcHVntlhmtfvr' 

Helm, p. 160. 

Test of moderate size, very thin and transparent, truncated 
in front and bluntly pointed behind, ovoid in marginal outline; 
depressed abaetinally, flat aetmaily; broadest in the anterior 
two thirds, narrower posteriorly. 
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Apical system slightly posterior, corresponding with the summit, 
with four perforated basal plates; and the madreporite is in the 
right anterior, and passes backwards, separating the posterior 
basals; basal sutures obliterated. 

Ambulacra flush with the test, uniporous, increasing in width 
to the ambitus and apetaloid, with but few plates, which are 
large, high, and hexagonal. The areas diminish in breadth to 
the peristome. The anterior ambulacrum appears to resemble 
the others. 

The iuterradia have large plates and but few of them. 

Peristome excentric in front, broad, but short longitudinally, 
more or less semilunar, and with a well-marked posterior lip 
which projects. Plastron well developed, amphisternous and 
tuberculate, contrasting with the broad plain posterior ambulacra 
on either side. Periproct supramarginal; circular in outline. 
There is a subanal fasciole only. 

Tubercles of the primary kind largest and most crowded at 
the ambitus in all the areas, scattered over the test above the 
ambitus, absent near the apex, and regularly placed in the odd 
ambulacrum. Spines of actinal surface slender, club-shaped and 
hollow, with a thick shaft. Ambulacral pedicels most powerful 
and wdth small disks near the apex, and diminishing aetinally. 
Tufted pedicels around the peristome. 

Recent. (One species) Arafura Sea, 800 fms. 

Genus Oleistechtnus, jP. de Loriol , 1882, Rescript des 
Ecldnides des Environs de Camerino , Mem. Soc. Flips, et 
Hist . Nat. de Geneve , t. xxviii. no. 3, p. 27. 

The test is small, thin, depressed, tumid dorsally, oval, elongate, 
rounded in front, where there is no notch, low and truncated 
behind. 

Apical system probably disconnected; the system is excentric 
in front, and the only specimen observed has two genital pores 
relatively large and very close. 

The ambulacra are composed of extremely small pores, barely 
visible here and there. It is impossible to affirm whether the 
pores are single or in pairs. Ambulacral plates relatively very 
large, so that there are almost as many ambulacra! as interradial 
plates. There is no anterior groove. 

The peristome has a posterior, projecting lip. The periproct 
is oval, elongate, open at the summit of the posterior surface. 
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Tho tubercles arc very unequal, some being much larger than 
others, and few and far between, 

JTossiL Miocene: Europe. 

It is stated in the description of the solitary species that the 
plastron is slightly hollowed out around the peristome, which 'has 
a very projecting lip. The ambulacra are indistinct, and it 
appears from the figures that they are (lush with tho tost and not 
petal,oid. 

Do Loriol places the form near Argopalagik s*, A. Agim, but 
notices that he cannot state anything about the presence of 
fascicles* 

The combination of tho peculiar ambulacra and the pair of close, 
probably disunited, generative plates (basals) with a projecting 
lip are dwelt upon by the careful naturalist to whom wo owe 
tho genus. 


III. Family Luskixdjs, Gray. 

Test thin, ovoid. Apical system with throe basal plates fused 
into one, two large genital pores only and upon conical promi¬ 
nences, Peristome exeentrie in front, pentagonal, with five 
angular buccal plates, Periproct circular, and with from five to 
seven plates. A. peripetalous fascicle. 

Genus Palamloma. 

Gray founded the genus Lcskia in 1851, the name being 
already employed in Natural History. {Subsequently Loven in 
1857 diagnosed, the genus Puheodonut, which is identical with 
isrskht. Gray distinguished the generic characters. 


Genus lh\n;noHT(niA, 18(>7,G/m% AW///. Hmmk VhlwiHh- 
AktuL ForhmdL no, 5, p* 482; 1.874, p. 50, fig’s. 80, 

ItfMOO j 1883, I'mrialm rg p. 70, ph svi. 

Syn. hwkhh Gray, 1851, Ann. & Mag, .Nat, Hint., and 1855, 
Cat. lice. Ecli, Brit. Mas. pi. i. p. 08. 

Test thin, moderate in bmo, ovoid, broadest behind tho centre 
and anteriorly, more or less narrow posteriorly, tall and sub- 
globose abaetinally, highest behind, convex actinally, anterior 
groove slight, 

h Apical'system subcentral, small, three of the basal plates fused 
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Into one; two large genital pores upon conical protuberances. 
Madreporite Indistinct. Badial plates small, separate. 

Ambulacra dissimilar, sunken, the anterior in a slight abac- 
tinal groove, the plates rather high; the pairs of small pores 
vertical and in two rows. Petaloid part of the antero-lateral 
ambulacra divergent, broad, poriferous zones broad; postero¬ 
lateral petals shorter. The plates beyond the petals broad with 
single pores, hut narrowing greatly at the peristome; the postero- 
lateral areas wide on either side of the sternum, the fifth plate of 
the inner zone of the right posterior ambulacrum actinally 
pushing into the line of the posterior interradium. Phyllodian 
tentacles with a central protuberance and marginal filaments# 
[Frontal tentacles with a calcareous disk and rays. Primary 
tubercles perforated and crenulate, numerous on the large inter- 
radial plates. 

Interradia with few plates; both the antero-lateral areas with 
the second plates of both their zones beyond the peristomial 
plate united, the same union occurs in the left postero-lateral 
interradium. In the right postero-lateral interradium there is 
union of the second plates of both zones with the third plate of 
zone “ b” The peristomial plate of the odd interradium is long; 
the sternum is not quite symmetrical, the second plate of zone 
£e l ” being short; the episternal plates are not parallel. 

Peristome excentrie in front, nearly flush, pentagonal, the 
greater part of the margins formed by interradial plates, the am¬ 
bulacra forming the angles and very small; five triangular buccal 
plates. Periproet circular, near the upper extremity of the 
rounded posterior surface, 5-7 triangular plates on its membrane. 
A sinuous peripetalous fasciole. Spines and tubercles subequal, 
the former subulate and largest dorsally. 

Recent. China, East Indian Islands. 


IV. Family Potjetalesiii>J3, 

(Pourtalesiadse) Loven , 1883, Kongl . Svensk . Vet.~AJcad. Sandl . 
Bd. xix. no. 7, p. 82 (Pourtalesia). 

Syn. Subfamily Pourtalesim, Wyv. Thoms. &> A. Agass. (pars). 

Test very elongate, subeylindrical or obconical, truncated 
anteriorly and broad there, tumid in the middle and rostrated or 
pointed posteriorly; convex or humped dorsally, flat actinally. 
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A deep anterior recess with the peristome vertical and at its 
lowest part. The periproct superior to the projecting posterior 
rostrum, or when there is no rostrum, placed actinally. Apical 
system variable, compact or disconnected. Ambulacra flush, 
apetalous, may be disconnected or discontinuous; pores single or 
slit-like. Tentacles homoiopodous. Interradia forming, or not, 
a continuous vertical band in the postero-lateral areas; sternum 
distinct or not. Spheridia absent in the anterior ambulacrum 
and exposed and. numerous in the others. A subanal fasciole 
may or may not exist, but is not accompanied by modification of 
the ambulacral plates. Spines short, straight or curved, only 
crowded on the sternum. 

Genus Pourtalesia. 

Spatagocystis. 

Echinocrepis, 

The genus Pourtalesia, A* Agassiz, is one of the most inter¬ 
esting, and its affinities have given much trouble to the three 
distinguished naturalists to whom we owe the knowledge of the 
morphology of the species. The first species, P. miranda , which 
was used as the type of the genus by A. Agassiz, was dredged by 
the late M. de Pourtales off Florida, at a depth of 849 fathoms, 
and it was described by A, Agassiz, 1869, in Bull. Mus. Comp. 
Zool. i. p. 272. Subsequently the genus and the same species, 
P, miranda , were described in the ‘Revision of the Echini/ 1872- 
74, p. 844, pi. xviii. The dredgings of II.M.S. ‘ Porcupine ’ 
yielded two other species, which were described by the late Sir 
Wyville Thomson in Phil. Trans. 1874, p. 747, pis. Ixx. and hxi. 
These species, P. Jeffreys! and P. phiale (P. jpfo/afo, W. T.), 
were got—the first-named from 817 fathoms between .Faroe and 
Shetland, and the latter from 1215 fathoms in the Eoekall Cfiiamneb 
An excellent general description of P, Jeffrey si and a very good 
engraving were published by the same author in his work called 
‘The Depths of the Sea/ 1878, p. 108. 

The dredgings of the * Challenger ’ in the Pacific produced no 
less than five new species, and they were described and figured 
in the Report on the Eehinoidea by A. Agassiz, 1881, p„ 182 
—P. carinata, P. hisjpida, P. laguncula, P, ceratopyga, and IK 
rosea . The genus has its principal quarters in the .Pacific Ocean, 
where there are five species; and there are three species in the 
Atlantic, viz. P. Jeffreysi , P. phiale , and P. miranda < These arc 
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all dwellers in very deep water, and indeed P Jeffrey si is the 
only species with a moderate bathymetrical distribution. 

In 1888 Prof. Sven Loven published his great work on “ Pour - 
talesia , a Genus of Bchinoidea” (Kongl. Svenska Yetenskaps- 
Akad. Ilandlingar, Bd. six.), and he had obtained specimens from 
the Survey of the N. Atlantic by the steamer £ Yoringen 5 and 
from A. Agassiz and Sir Wyv. Thomson. He especially investi¬ 
gated P. Jeffrey si. 

The descriptions of what Loven very truthfully called <£ the 
most extraordinary Echinoid hitherto known,” by the authors 
alluded to, are models of plain exactitude, and those of Sir 
Wyville Thomson are in his best style. There is, however, con¬ 
siderable diversity of opinion amongst the three naturalists regard¬ 
ing the alliances of the genus with extinct forms; hut now that 
it can be said that the morphology of one of the species has been 
described with wonderful accuracy by Loven, tbe palaeontologist 
may pass his opinion on the subject. 

There is a difficulty in associating all the species now classified 
under Pourtalesia in one genus, which has been felt by Agassiz 
and Loven, and will interest the advanced students of the 
Ecliinoidea. 

Can Pour talesia ceratopyga , P. Jeffreysi, P. rosea, and P.mi - 
ranch, for instance, be placed in the same genus ? A. Agassiz 
notices that he was disposed to divide the recognized species; 
but on the examination of the whole group he determined to let 
them remain under one head. The propriety of this is a matter 
for discussion on ordinary zoological principles. It must be 
remembered that Loven has shown that there are morphological 
differences between some of the eight species which he recog¬ 
nizes to belong to Pourtalesia , which are without example in 
any other genus. Yet it seems to he impossible, in his opinion, 
to break up the genus in order to meet the variability of im¬ 
portant structures. In fact lie considers that the species seem 
to be undergoing evolution of a remarkable kind. 

There are species now included in the genus (P. ceratopyga , 
P. Jeffrey si) which have disconnected apical systems, and others 
(P. rosea , P miranda) which have them compact; and in the 
first group the postero-lateral interradia are in contact actinally 
and abactinally in most of the species, hut in one the contact 
is abactinal only; in the other group there is not this contact. 
Yet the structural affinities of the two groups are otherwise so 
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close that the great differences in the structure of the apical 
systems and in the interradial areas seem anomalous. There is 
some variation in the size, position, and suturing of the basals in 
one of the species with a disconnected bivium, hut there have 
been uo specimens discovered in which any approach to a 
blending of the two types of apical system has been seen. 

There is, moreover, a difficulty in deciding, if a division is to 
take place, to which of the groups the name Pourtalcda should 
belong, for Pourtalesia mirmula , A. Agassiz, was the first 
species described, and the nature of its apical system and the 
development of its postero-lateral interradia do not appear to 
coincide with P, Jeffrey si? W yv. Thoms., and its allies. 

In describing P. miranda , A. Agassiz wrote (Revision, p. 845) 
as follows :— 66 The posterior pair of ambulacra extend on both the 
sides of an elongated plastron to the base of the snout-like pro¬ 
longation, where they curve sharply upwards, and run close on 
the abaetinal part of the test to the abaetinal system situated 
almost at the summit of the nearly vertical anterior extremity, 
along a well-marked wedge-shaped ridge extending from, the 
apical system into the rostrum protecting the anus.” Again, 
on p. 846, “ The abaetinal system, consisting of four large genital 
openings placed close together, with the madreporic body toler¬ 
ably well defined in the centre, is situated at the origin of the 
anterior groove.” 

On plate xviii., Revision of the Echini, fig, 1, a side view 
of P* miranda shows the postero-lateral ambulacrum of the left 
side, passing forwards abac tin ally to the very front of tho test. 
It is also evident in fig. 2 that the postero-lateral ambulacra 
pass from tho peristome on either side of the sternum far back, 
and that each is continuous. In fig. 3 the apical system is 
shown to be very oxcentric in front, and the postero-lateral 
ambulacra reach it; there is no junction of interradial plates 
between the apical system and the biviiun. Fig, 0 on the same 
plate shows most distinctly that the apical system is compact, 
and that the autero-latcral ambulacra do not terminate in radiate 
which separate the anterior and posterior basals, as in Eehi~ 
nocorys. 

But in the classification P. mirmula was placed by A, Agassiz 
amongst the Anauchytidm (op. tit. p. 844) \ and in Ins definition 
of that group he states, “ the apical system more or less elongate, 
but not disconnected.” The difficulty of associating tho forms 
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of Pourtalesia with the Ananchytidse was, however, subsequently 
noticed by the same naturalist ; and in his great work on the 
‘Challenger' Echini, p. 124, he followed Sir Wyv. Thomson and 
placed them in a subfamily 4C Pourtalesiae 59 of the family Spatan- 
gidee- Nevertheless A. Agassiz did not consider that the compact 
apical system of his type, P miranda , militated against the 
admission of other species with disconnected apical systems into 
the genus Pourtalesia. In fact he appears to discredit the taxo¬ 
nomic value hitherto placed upon the different apical arrange¬ 
ments—-compact, elongate, and disconnected. He states (p, 138), 

“ It is remarkable how great is the variation in the extent of the 
separation of the bivium and trivium at the apical system in the 
different species of the genusand, in describing P. rosea , 
he remarked (‘ Challenger * Eeport, p. 141) :—“ This species 
is also remarkable for not having, as in other species of the genus, 
its apical system divided by the encroachment of the postero¬ 
lateral ambulacra into a bivium and trivium. 5 ' 

It appears that the existence of compact and disconnected 
apical systems with the correlative interradial arrangements in 
one family must be admitted to be consonant with Zoology. 
Their occurrence in the same genus cannot be maintained, except 
under most unusual conditions. 

It is indeed highly fortunate that the genera JEcMnocrepis and 
Spatagocgstis, which have been so carefully described by A. 
Agassiz and Loven, should have been discovered, for they let a 
flood of light into the classification of the species included in 
Pourtalesia, They will be considered further on, but it is 
advisable to state now that Bpatagocystis is in alliance with the 
species of Pourtalesia which have disconnected apical systems; 
and that PJehinocrepis is allied to P. miranda and P. rosea with 
compact apical systems. 

The definitions of the genus Pourtalesia will be found in the 
‘ Eevision of the Echini, 5 and in the Eeport on the 4 Challenger* 
Eehinoidea; and one was published by Sir ‘Wyville Thomson in 
the 4 Phil Trans. 5 The descriptions by Agassiz are positive and 
also very comparative. 

The morphology has especially been studied by Loven, and 
published in 4 Pourtalesia. 5 The following definition has been 
collected from the works of these authors. 
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Genus Pottetalesia, A. Agassiz, 1869, Bull. Mus . Comp. Zodl 
i. p, 272; 1872-4, Revision, p. 844. Wyville Thomson , 1874, 
_PM. Trans. Boy . $oc. vol. clxiv. pt. 2, p. 747. Loom, 18S3, 
Bourtalesia, p. 82. 

Test small or rather large, thin or moderately thick, long, flask- 
shaped, ulth a deep inversion of the anterior face, at the lower 
part of which is the peristome ; with a rostrum produced poste¬ 
riorly and interiorly, the periproct being above the rostrum. Test 
subcircular or broadly expanded in front profile, or generally 
tumid at the sides, flatter actinally, and slightly depressed 
abactinally. 

Apical system very excentric in front, disjunct, with four basal 
plates perforated by the genital ducts; sutures fused; maclreporite 
in the right anterior, and often between or in the other basals ; 
anterior and antero-lateral radial plates aborted more or less; 
postero'-lateral radials separated by some plates of the odd inter¬ 
radium and disconnected from the basals by plates of the postero¬ 
lateral and odd interradia. 

Ambulacra apetalous, uniporous, with large wide plates; the 
anterior large, deeply inverted, forming the peristomial upper 
margin; antero-lateral flush, placed far forward, nearly trans¬ 
verse ; postero-lateral flush, very long, may become discontinuous 
actinally by the interposition of plates of the postero-latcral in¬ 
terradia ; the antero- and a disconnected part of the postero¬ 
lateral ambulacra from the lower margin of the peristome, or the 
antero-lateral may be crowded out. 

Interradia with unequal, mostly large, plates; the antero¬ 
lateral with a narrow, tall, peristomial plate in one zone (h) and a 
small plate in zone a, which may not enter the margin; the postero¬ 
lateral meeting abactinally at the median line, and also actinally, 
or only abactinally, not entering the peristome; the second and 
third plates of zone b of the right postero-lateral area unitedthe 
posterior iutemdium touching or not the peristome, discontinuous 
or coni muons, amphisternons. 

Peristome anterior, more or less vertical, at the bottom of the 
anterior inversion. Periproct above the rostrum. A subanal 
fascicle around the posterior rostrum. Pedicels similar, pointed, 
without disks. Spheridia uncovered, numerous, in the lateral 
ambulacra only. Spines short, slender, fenestrated, often spatulate 
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or clubbed Pedicellarue, some trifid, with circular tops with 
milled edges. 

Mecent . Atlantic, Pacific, and Antarctic Oceans; 845 to 2900fms. 

This diagnosis will embrace the following species :—■Pourtahda 
Jeffrey si ^ Wyv, Thoms., P. laguncula , A. Agassiz, P. Mspida, 
A. Agassiz, P. phiale, Wyv. Thoms., P. ceratopyga , A. Agassiz, 
P. carinata , A. Agassiz. 

Of these the last two have the sternum connected and the 
interradia 1 and 4 do not unite at the median line actinally, but 
only abactinally. 

The diagnosis will not admit Pourtalesia miranda or P. rosea, 
A, Agassiz, which have a compact apical system and the postero¬ 
lateral interradia separated dorsally. These species should belong 
to another genus ; but as the morphology is as yet unsatisfactory, 
it is best to place them provisionally in a division of Pourtalesia. 

Although the diagnosis of Pourtalesia just given, will suffice to 
distinguish it from any other genus, there are some points in the 
morphology of some of its species which should be recorded, for 
they are of especial value in showing the aberrant character of 
tho group, how it may be associated, in a family, with other genera, 
and how slightly it is allied, structurally, to any ancient forms. 

Loven has shown that the inversion of the anterior part of the 
test not only affects the anterior ambulacrum, but also the peri¬ 
stome and the first plate of the odd interradium. Each side of 
the peristome, which is narrow and elongate from below upwards, 
is formed by a narrow and long plate of zone a of the antero-lateral 
intorradium. The first plate of zone b may enter, so that there is 
not a c< single ” peristomial plate ; the upper margin is formed of 
the anterior ambulacra! plates. The marginal plates of the lateral 
ambulacra and the small lip of the posterior, odd, interradium 
are raised vertically to the actinal plane of the test, so that the 
mouth is entirely within the inversion. In P. Jeffrey si the great 
height of the first plates of the zones (a) of the antero-lateral 
interradia prevents the antero-lateral ambulacra from entering 
the peristomial margin. 

The interradia 1 and 4 in most of the species are large and 
form a belt round the test, and it is evident, from Love As work, 
that they do not enter into the composition of the peristome, and 
indeed are remotely posterior to it. 

The large plates of these interradia are very striking, and it 
has been explained by Loven, op. cit. p„ 14, that the heteronomy 
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of the right posterior interradium is from the union, of the second 
and third plates of zone u bP This is unusual amongst the 
Spatangoidea. 

In P. Jeffrey si the labnnn is very small and is separated from 
the sternum by the disjunct, first plates of the posterolateral 
ambulacra and by the first plates of the anterior zones of the 
postero-lateral interradia. The sternum is largo, is composed of 
one plate, and is followed by an epistornura which is composed 
of two plates placed side by side and crossed by the fascicle. 
The periproct is longest transversely, and is surrounded by the 
7-9 plates of the posterior interradium, its membrane is more or 
less divided transversely and covered with small scales. 

In P, Jeffreysi the first plates of the postero-latoral ambulacra 
are interposed between the first plates of the ajitero~lateral am¬ 
bulacra actinally. Abaetinally the last plates of the posterior 
interradium are separated and intercalated amongst the ab- 
actinal plates of the postero-latoral interradia. The true mouth- 
opening is a slit in a membrane without plates, and the direction 
is vertical. Some large pedicels are on the posterior ambulacra 
at the peristomial end, but elsewhere all the tentacles or pedicels 
are pointed and not prehensile; probably they are all branchial. 
InP. lay wicula the labrum is large and long, but barely separates 
the first plates of the postero-lateral ambulacra, and this also 
occurs in P. carinata and P. eeratopyga . The large and numerous 
spheridia are exposed and are restricted to the lateral ambulacra. 


Genus Spatauocystis, A. Agassiz, 1879, Proc. Amer . Acad. 
vol. xiv. p. 200; 1881, Report on i Challenger 1 Echini, p. MO. 
Lovm, 1883, Rourtalesia , p. 82. 

Test moderate in size, long, low, ovoid, thin, very slightly 
incurved anteriorly, and with a short, small and narrow beak 
posteriorly; actinally with a downward projecting laud extending 
from the anterior groove to the beak; abaetinally convex, tumid 
in front, and lower and narrow behind. 

Apical system disconnected, part oxcoutric in front; the four 
basals connected ; three genital perforations, and the madroporiio 
in the right anterior basal The postero-lateral radial plates 
separated from the basals by several interradia! plates. 

Ambulacra apetalous, uniporous; plates varying in width in 
the different ambulacra, hexagonal 
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Posterior interradium with a labrum separated from the 
amphistermim; postero-lateral interradia meeting abactinally 
and also ac tin ally. Anterior groove deep and narrow near the 
actinal margin, not above; peristome in the bottom of the groove. 
Periproct in a shallow pouch above the short beak and below the 
overhanging posterior part of the test. Fascicle absent. 

Recent. South Pacific; 1600-1950 fms. 

Genus Echixocbepis, A. Agassiz, 1879, Proc. Amer. Acad 
vol. xiv. p. 206 ; 1881, Report on e Challenger ’ Echini, p. 148. 
Lov&n, 1883, Pourtalesia , p. 82. 

Test large, long, subpyramidal, broadest anteriorly, pointed 
behind; apex excentric in front. Marginal outline irregularly 
triangular, nipped in at the sides, with rounded angles ; margin 
tumid, with a groove in the anterior part, which is deep and 
narrow actinally. Actinally fiat, with a keel from the end of the 
anterior groove to the periproct, which is submarginal. Abac- 
tinaily steep in front and sloping gradually posteriorly ; a broad 
long keel passing backwards and overhanging the periproct. 
Plates of the test usually large, hexagonal. 

Apical system excentric in front, at the vertex, compact, with 
four basal plates, three perforated by genital ducts; and the 
madreporite in the right anterior and extending more or less into 
the other basals; sutures obliterated. The anterior and antero¬ 
lateral radial plates aborted; the postero-lateral small and in 
contact behind the postero-lateral basals. 

Ambulacra apetalous, uniporous, flush except where the an- 
terior is in the groove. 

The postero-lateral and posterior interradia not reaching the 
peristome; the long labrum continuous with the sternum and 
also not entering the peristomial margin; postero-lateral areas 
neither uniting dorsally nor actinally. Tentacles homoiopodous. 

Peristome at the bottom of the anterior groove actinally; the 
margin formed by the anterior ambulacrum, the antero-lateral 
interradia, and the antero- and postero-lateral ambulacra. Tu¬ 
bercles small and few, one on a plate abactinally, largest on the 
sternum, much granulation. Spines slender, short and club- 
ended. Neither a rostrum nor a fasciole. 

Recent . South Pacific; 1600 fms. 



288 


FRCXF. P. M. MINCES BEYISTOff OP THE 


Till, 

List of Subclasses, Orders, Suborders, Families, Alliances, Divisions, Sub¬ 
families, Genera, and Subgenera. List of Genera removed or synonymous with 
recognized genera. List of Genera formerly recognized and now considered of 
subgeneric value. Tables, List of now Genera and Subgenera. 

Explanation of terms. 


Subkingdom ECKXNODEBMATA. 
Class EOlimOIBEA. 

I. Subclass Pal&ecMnoidea. 

II. Subclass Euechinoidea. 

I. Subclass PalseecMnoidea . A 


Order I. 

B 0 TUB 10 Q1DAB DID A , p, 7. 
Genus 

Bothriocidaris, p, 8. 

Order II, 

BEBW CEO'EOmjSrOIBA, p. 8. 
Family'I. 

AECH/EOOID ABXD2E, p. 8. 
Genus 

Lepidocentrus, p, 9. 
Koninckocidaris, p. 9. 
Periscbodonms, p. 10. 
Archscocidaris, p. 11. 

Lepidocidaris, p. 12. 

Lepidocbimis, p, 12. 

PaUeoehinus, p. 13. 

Rhoodiiuus, p. 14. 


Family II. MELONITIDiE, p. 10. 
Genus 

Melonites, p. 15. 

Oligoporua, p. 10. 

Lepidesthes, p. 10. 

Ilybocliinus, p. 17. 

Pholidoeidaris, p. 18. 

Order III. 

PLESIOCIDABOIDd , p. 19. 
Genus 

Tiar echinus, p. 19. 

Order IV. 

CYSTO Oil)AM 0 IDA, p. 20. 
Genus 

Eehinocystites, p. 20. 


II. Subclass EuecMnoidea, p. 21. 
Order I. GIDABOIDA, p. 24. 

„ II. DIADEM A TO ID A , p. 21. 
Suborder I. Siiuotosomaxa, p. 25. 
„ II. Sxejucosomata, p. 25. 
Order III. IlOLEOTYFOIDA, p. 25. 
„ IV. CL YPEASTS,OIDA, p. 25, 
„ V. SPALAMO OIDA, p. 25. 
Suborder I. OAssiivcri.orDTSA, p. 25. 

„ II. Spatanooidea, p. 25. 
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Order I. CIDAROWA; p. 26. 
Family OIDARXBiE, p. 26. 


Section X. 

Genus 
Cidaris, p. 27. 

Divisions . Rhabdocidaris, Leioeida- 
ris, Doroeidaris, Stephan oeidaris, 
Pliyllacantlnis, Poroeidaris, pp.3L 
32. 

Subgenus Gcmiocidaris, p. 32. 
Genus 

Orthocidaris, p. 33. 

TemnoeidariSj p. 34. 

Polycidaris, p, 34. 


Section XX. 

Genus 

Dipl oeidaris, p. 35. 

Tetracidaris, p. 35. 

Order XX. DIADEM A TOIDA, 
pp. 24, 36. 

Suborder Streptosomata, 
pp. 25, 40. 

Family 

ECXIINOTXXURID2E, p. 40. 
Subfamily Pclaneehinince, p. 41. 
Genus 

Pelanecbinus, p. 41. 


Subfamily Echmothinnce , p. 41. 
Genus 

Eeliinotliuria, p. 42. 

Phormo&oma, pp. 42, 310. 
Asthenosoma, p. 43. 


Suborder Stereosomat a, pp.25,45. 
Family SALENIIDiE, p. 45. 
Division I. 

Genus 

Peltast.es, p. 45. 

Subgenus Goniophorus, p. 46. 
Salenia, p. 47. 

Subgenus Ileterosalenia, p. 47. 
Division XI. 

Acrosalenia, p. 48. 

Family XIBMlCIDARIDiE, p. 48. 
Genus 

Hemicidaris, p. 49. _ 

Subgenus llemidiadcma, p. 50. 

Hypodiadema, p. 50. 
Pseudocidaris, p. 51. 
Asteroeidaris, p, 51. 
Acroeidaris, p. 51. 

Subgenus Acropeltis, p. 52. 

linn, joueh.—zoology, yol. 


Genus 

Goniopygus, p. 52. 

Circopeltis, p. 53. 

Cidaropsis, p. 53. 

Glypticus, p. 54. 

Genus incertm sedis: 
Leptocidaris, p. 55. 

Family 

ASPIDODIADEMATID.dE, p. 56. 
Genus 

Aspidodiadema, pp. 55, 56. 

Family DIADEMATXDiE, pp. 57,58. 
Subfamily Diadcmatine, p. 59. 
Genus 

Diadema, syn. Pseudodiadema, p. 60. 
Subgenera Ceutrostephanus, Micro- 
diadema, Diademopsis, XXemipe- 
clina, Ecbinodiadema, pp. 61-64. 
Plucodiadema, gen. nov., syn. XTesio- 
diadema, p. 64. 

Heterodiadema, p. 65. 

Codiopsis, p. 65. 

Pleurodiadema, p. 66. 

Magnosia, p. 66. 

Oottaldia, p. 67. 

Subfamily Diplopodiince, pp. 59, 67. 
Genus 

Diplopodia, p. 67. 

Pedinopsis, p. 68. 

Aeanth echinus, p. 68. 

Subgenus Radioeyplius, p. 305. 
Pbymeehinus, p. 69. 

Astcropsis, p. 69. 

Diplotagma, p. 70. 

Micropyga, p. 70. 

Plistophyma, p, 71. 

Subfamily Pcdinince, p. 72. 

Genus 
Pedina, p. 72, 

Subgenus Pseudopedina, p. 72. 
Ecliinopedma, p. 73. 

Stomecuinus, p. 74. 

Micropedina, p. 75. 

Heterocidaris, p. 77. 

Eehinotlmx, p. 78. 

Astropyga, p. 78. 

Polycyphus, p. 79. 

Codechinus, p. 80. 

Subfamily Orthop since, p. 80. 
Genus 

Orfcbopsis, p. 80. 

Eodiadema, gen. nov., p. 81. 

xxiii. 19 
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Hilo 

tn'llll. 

Mm min, urn., 11 , 82, 

FehiunpAt-, p, SO, 

I ivmii, nb'idrft in, p, SO, 

t M'JUIH imvrf ,*0 Srdis ; 

I(j p, S {■, 

i'l'tnsi!y < 1‘HOSOM AT! I>-K p. 85. 

MhOiou !. 

Uomw 

i ’\ {»:*♦ t'-'i»i i»*i» SI), 

Slib’j.VlUlS MiusoJUU, p. 87. 

|i. sf, 

< bml litenn, p. NS. 

1 M il'l.'lli HU,i. pp, S 4 .!, .“»l 

IM\ isiuu I i, 

Gonna 

MiovopO.’-;, p» 01, 

Submenus (iat^UMa, .subgen. nov., 

i». pi. 

Family AIGUOUlbK, p. 01 

< {I'UUH 

A rfKirin. p. 00. 

Hohmoeidnns, «»on. nov., p. 04. 

(*i 1‘luplt'm‘u;*., |K 01, 

Mud* mu turn, p. Pd. 

Family TKMNOPI.KI'UID/K, p. 00. 
Subfamily uhi}ihrn'imhhi<i\ p. 00. 
Grin?;: 

iSlyplrneyplat'.-, p. 07. 

I he! \ unl.'ii t*u,a, p, 00, 

A i’.a'lf 1 '-!'*p!t urt}!(, p, |OO, 

OHlMnphn j*. 100. 

FttV.ni^XfiOuUH.'i. p. {0{ , 

Hi*}tm>u*y [>, OH. 

ZrnrjMjiFHna , p. O'-5. 

1,1-pulaipFut‘HM, p, MM, 
f nancypbuw p, MG. 
i Hpiuptn mu, p. MM. 

Tft?.!;<»?a p- MG. 

Hublumily V* >it'Uw ■, p. HMt, 

( 0‘HUn 

ilVinimpteuruH, p< H*0, 

Submenu* Plornmobimns p, 107. 
IVuuK'i'husiua p. iOiS. 
fcJaiftwuiM* p. 100, 

Subgemw Nnt.mfU5up.4is p. 110. 
Mmpilm, p, 110, 

Mioruoyphus p, 11L 

AmblypruHwU***, p,. 112, 


Goniw 

Goni(»pnouatott, nov. geu M p. 110. 
llolopneusb's, p. H i. 

Gonus incort.M? nedis: 
Gninimeehimus, p. 115, 

Family KOIO/NOM lOTUiMfl, p. 115. 
Subfamily ICchiitomrfrltUfi. p. 115. 
Genus 

HHmMvnl rot,us, p. j 1.0. 

Oulubocenl rolus, p. 117. 

KehiimmG ra., p. 118. 

NtlUilOpUeUSlOS, p. 110, 

I\a rasa buna, p. 120. 

Subfamily' J’oli/poi'httf, p. 121. 

Gt'UUS 

Siroii^ydomilrot.us, p. 121. 
Spiuoroohimis, p. 122. 
i'Munoslrf'phua, p. 1211, 

IVeudobolHia, p. 120. 

TCuiyvpno twins, p. 124. 

FFulopiunisiCH, p. 125, 

Family HCU1NJ D-Jfi, p. 120. 
Gonna 

FcbimiM, p. 120, 

Submenus IKsammoohimta, p. 127. 
Slireuliimts, p, 128, 

GlyploohimiH, p. 128. 

Miopedina, p. 120. 

IlypooliimiH, p. 120. 

TuXOpUOUSiOS, p. Hit . 

1’uli‘Ua, p. 101. 

Tripiumstos, p. 102. 

(Sub^omiH H\minims, p, 100. 
Genus hicurbe rnlis; 
Mrmneuhinus, p. 10b 

OnW HI. 

no/.Harrro/j).i ) p, 105 . 

Stvfitw I. 

Gontw 

HolerlvpUH, p, 100, 

Pilous, p. Hill. 

My ? 4 nal or, p, 107. 

Myun4ndos, p, 108, 

S/r/itiii 11. 

Gonuu 

IHsomdoa, p, 108. 

fSitb^cmm Ifii'luuibw, subgon, nov,, 

p. 100, 

OmioolypouH, p. 1*10. 

Gonom i noorl'jv Bodia; 
GalnropygiiH, p. Ml, 

Maohyciypouri, p. 142. 
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Order IY. 

CL YPEA STR OIDA, p. 142. 
Family FIBULARIID2E, p. 144. 
Genus 

Echinoeyamus, p. 144. 

Subgenus Scutellina, p. 145. 
Sismondia, p. 145. 

Fibularia, p. 146. 

Buna, p. 147. 

Mouliusia, p. 147. 

Rotuloidea, p. 148. 

Family CLYPEASTRIDiE, p. 148. 
Genus 

Clypeaster, p. 151. 

Subgenus Monosfcychia, p. 153. 
Diplotheeanthus, gen. nov., p. 153. 
Plesiantbus, gen. hot., p. 154. 
Anomalanthus, p. 155. 

Family LAGAYIDBE, p. 156. 
Genus 

Laganum, p. 156. 

Family SOUTELLID^E, p. 157. 
Genus 

Seutella, p. 15S. 

Subgenus Ecbinarachnius, p. 158. 
Eebinodiscus, p. 159. 

Encope, p, 160. 

Subgenus Monophora, p. 161. 
Mellita, p. 101. 

Subgenus Mellitella, p. 162. 

Asfcriclypeus, p. 163. 

Lenita, p. 163. 

Mortonia, p. 163. 

Rotula, p. 103. 

Subfamily Arachnince, p. 165. 
Genus 

Araclmoides, p. 165. 

Order Y. SPA TANG OIDA, p. 166. 

SuborderI. Cassxduloidea, p.166. 

Family ECHINONEIDJE, p. 166. 

Subfamilies Echinoconhice , Echino- 
■nriiue, Oligcpygine, Eckinobrissina . 

Subfamily Echmoconinee , p. 167. 
Genus 

Eehinoeonus, p. 167. 

Lnnieria, gen. nov., p. 168. 
Adelopneustes (see Concluding Note, 
p. 305). 


Subfamily Echinoncinm , p. 168. 
Genus 

Echinoneus, p, 169. 

Amblypygus, p. 170. 

Caratomus, p. 170. 

Pygaulus, p. 171. 

Pyrina, p. 172. 

Subgenus Nudeopygus, p. 172. 
Anorfchopygus, p. 173. 

Subfamily Oligopjgmm, p. 173. 
Genus 

Haimea, p. 174. 

Oligopygus, p. 174. 

Subfamily Echinobrissinw , p. 174. 
Genus 

Ecliinobrissus, p. 175. 

Subgenus Dochmostoma, p. 176. 
Oligopodia, p. 176. 
Anochanus, p. 177. 

Botriopygus, p, 177. 

Ilariona, p. 178. 

Genera ineertce sedis: 
Desorella, p. 179. 

Oviclypeus, p. 179. 


Family OASSIDULHLE, p. 180. 
Alliance. 

Genus 

Oassidulus, p. 181. 

Subgenus Rhyn chopygus, p. 182, 
Pygorhyncnus, p. 182. 
Stigmatopygus, p. 182. 

Eehinantbus, p. 183. 

Subgenus Harden inia, p. 183. 
Eurhodia, p. 184. 

Paralampas, p. 184. 

Alliance. 

Genus 

Catopygus, p. 185. 

Subgenus Studeria, subgen. nov., 
p. 185. 

Neoeatopygus, p. 186. 

Phyllobrissus, p. 187. 

Alliance. 

Genus 

Olypeus, p. 187. 

Subgenus Olypeopygus, p. 188. 
Pygurus, p. 188. 

Faujasia, p, 189. 

Galeroelypeus, p. 189. 
Pseudodesorella, p. 190. 

19 # 
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Alliance. 

Genus 

Echinolampas, p. 190. 

Submenus Millctia, subgou, no?., 
p. 191. 

lliylloelypeus, p. 192. 

Oonolumpan, p. 192. 

PlesiolumpaH, p. 193. 

Subgenits Oriolampas, p. 194. 
lAuheolampas, p, 104. 

1\1 terolampas, p. 195. 

Noolnuipas, p. 195. 

Family COLLTRIT1D2B, p. 190. 
Genus 

ColIyritoH, p. 190. 

Dysaslor, p. 1.97. 
llyboolypus, p. J98. 

ItilVaelypeuB, p. 198. 

G rosin, p. .191). 

Family 

PLFS T OSP AT AN Gil) AS, p. 100. 
Genus 

Ft Ann pas, p. 200, 

Archiacia, p. 200. 

Olaviaster, p. 201. 

Asksrostoma, p. 202. 
Psuudastorostoina, gen. nov., p. 203. 
Metaporbinus, p. 204. 

S uborder II. 81 » a t a n a o nnjj a, 
p. 205. 

Family ANANCIIYTIDAS, p. 205. 
Genus 

Fehinoeorys, p. 200. 

iSubgenus Joronui, p. 207. 

Hoi aster, p. 207- 

Subgenus Dam pa,duster, p. 208. 
ISntomaster, p, 01,1. 
(Minster, p. 208. 
llomipneustes, p. 209. 

Subgouua Opisoj measles (wee Cun - 
eluding Note, p. 005). 
Guettaria,, p. 011, 

Card busier, p, 209. 

Subgem ib lulu luster, p. 210. 
ITagenowia, gen. nov., p. 210. 

Subfamily lJrc<Mninm t p, 211. 
Genus 

IIreelumis, p. 212. 

Cysteelnnus, p, 213. 

Galymne, p, 214. 

Genera incertai sedis: 
Enichaster, p. 215. 

Stenonia, p. 216. 


Family SPATANGULF, p. 210. 

Division Auktks, p. 217, 

Genus 

Duster, p. 217. 

Fpiaster, p. 218. 

Subgeuus Mneraster, p. 219. 
FebiuospatagUH, p. 219. 

Fimulaster, p. 220. 

Heterolampas, p. 221. 

Megnlaster, p. 221. 

Hemipatagiis, p. 222. 

Watybmsus, p. 222. 

Pahvopuoust.es, p. 220. 

Division Phymn.vdktgs, p. 224-. 
Genus 

I Tern iaster, pp. 225, 229. 

Subgenus Tripylus, p. 201. 
Faorina, p. 231. 

I’erieosmus, p, 282. 

Lintlua, p. 208, 

Sol disaster, p. 204, 

Pronaster, p. 205. 

Ornith aster, p. 200. 

Conistor, p. 230. 

Agassizia, p. 237. 

Moira, p. 238. 

Subgenus Moiropsis, p, 208. 
Hypsopatagus, p. 209. 

Division P itv mnod jjs.m ia , p. 289. 
Genus 

Mieraster, p. 240. 

Subgenus llrisHopueustos, p. 24 S. 
Subgenus Plesiaster (see Gondii 
ding Note, p. 005). 

Brissus, p. 241. 

Subgemts Mooma, p. 240. 
Spatangimmrpha, p, 240. 

U'rosehelia, p. 244. 

Mel alia, p. 245. 

Rlbnobrissus, p, 210. 

Brissopsis, p. 248. 

Subgenus Gyelustor, pp. 219, 250. 
Brissopntngus, p. 250. 

Spain ngus, ]>. 251. 

Subgenus Loneophnrus, p. 252. 
Marathi, p. 252, 

FupataguH, p. 250, 

Subgenus Maeropn castes, pp. 254, 
255. 

NncoajmtanguH, p. 250. 

Gualtieria, p. 257. 

Linopneusiea, p. 257. 

Neopneusios, gen. nov,, p. 258. 
Cionobrissus, p. 229. 

Fchinocardium, p. 201. 

Braynin, p. 202. 

Lovonia, p, 200. 
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Division A pet ala, p. 266. 

Section Adetc.% p. 266. 
Genus 

Geuicopatagus, p. 266. 
Palmobrissus, p. 268. 

Section Prymnadetes, p. 269. 

Genus 
Acesfce, p. 269. 

Atirope, p. 271. 

Section Prymnodc&mia, p, 278. 
Genus 

Ovulaster, p. 278 . 


Genus 

Palseotropus, p. 278. 

Homolampas, p. 275. 

Argopatagus, p. 276. 

Cleisteckinus, p. 277- 

Family LESKIIDJE, p. 278. 
Genus 

Palaaostoma, p. 278. 

Family POIJETALESIID/E, p. 279. 
Genus 

Pourtalesia, p. 284. 

Spatagocystis, p. 2S6. 

Echinocrepis, p. 287. 


Total genera... 255 

Sub genera. 50 

Divisions . 6 


311 

These include 12 new genera and 7 new subgenera. 


The extinct genera are 161 
The genera with extinct 


* ] 

and existing species .. 41 [ 
xe genera with recent or f 
existing species only ., 53 J 

255 


94 


Subgen. 34 
„ 9 

„ 7J 
50 


116 


Divisions 5 
„ 1 
6 


Genera synonymous with recognized types or abolished 108 
„ placed as subgenera ... 42 


150 


The following genera have been considered to be superfluous or 
synonyms of others :— 

Genus Palwocidaris, Perischocidaris, Echinocrinus, Proto - 
echinus, Typhlechinus, Melechinus, Xenocidaris (spines only), 
Cys to c idaris, Pa lwo discic s . 

Genus Phah doc idaris, Leiocidaris, Dorocidaris, Stephanocidaris, 
PhyUacanthus, Porocidaris . (These are now divisions of Cidarisi) 
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(1(3mis Biscocidaris, Anaulocidaris, Schlelmtzia, JUocidaris . 

Genua Ilyposalenia, Pseudo sale?iia, Poropeltis, Tiaris, Ilemi ~ 
pygus, Pseudo diadema, Tetragramma, Hebert ia, Belli no diadem a, 
Verr., Trichodiadema, Plesiodiadema, Loriolia, Golpotiara, Garelia), 
Savignia, Gomphechinus, Micropelt is ., Agarites , Pggomma, Eeld- 
nocidaris, Destm, Gopt echinus, Op echinus, Ileliocidaris , Qhri/so - 
melon, Hippo noe, Heliechinus . 

Genus Mortonia (Gray), Pwmphia, Peronclla, Polyaster, Miche - 
Amphiope, Lobophora, Galerites, Trematopygus , Parapygus , 
Oolopggm, Anthobrissus , Clypeolampas, Trochalia, Asterobrissus, 
Petalaster, Gyrthoma, Pseudopygaulus, Ananchytes, Ool aster, 
Stegaster, Cibaster , Pygopistes, Toxaster, Ileteraster, Miotoxaster, 
Globa tor. 

Genus Tmehyaster, Bitremaster, Itachiosoma, Pliolampas, 
They aster, P send kolas ter, Ilypopygurus, Atrapus, Abatus, Besoria, 
Lancaster, Tuberaster, Plesiaster, Opissaster, Per taster, Perto - 
Piaster, Par aster, Anisaster, Brissoniorpha, Ileterobrissus, Iso - 
pneustes, Leiopneustes, Plagionotm, Xantkobrissns, Toxobrissm, 
Kleinia, Stomaporus, Beahia, Verbeelda, Goncophorus, Peri - 
pneustes, Trachypatagus, Sar sella, Lesfcia . ia recorded 

only. 

The following genera are now considered to be of subgeneric 
value :— 

Genus (now subgenus) Goniocidaris, Goniophorus, Hcterosa- 
lenia, Hemidiadema, Hypodiadema, Pseudocidaris, Asterocidaris, 
Acropeltis, Microdiadema, Biademopsis, Hemipedma, Echinodia- 
dema, Pseudopedina, Leiosoma y Pleurechinus, Salmacopsis, Psam~ 
mechinus, PJvechmus, Scutellina, Monostychia, Mchinmvr,ahnius , 
Monophom, Astrielypem, JSfucleopygus, Jihynchopygiis, Hardouinia, 
Pygorhynchus, Olypeopygus, Oriolmnpas, Jeronia, lampadmfer , 
Mntomaster , Opisopneusles, Inf alas ter, Maer aster, Tripylus, Mol 
ropsis, Meoma, Oyclaster, Zoncophorus , Plesiaster, and Macro - 
pneustes . 

The following are new genera:-— Eodiadema , Plaeodiadema = 
Plesiodiadema , Dime., Peronia, JEchinocidaris, Goniopneudes, 
Biplotkecanthus, Plesianthus , Lanierm, IZagenoivia, Neopneusles, 
Pseudasterosioma, Adehpneustes , Gauth,, Guettaria, Gauih. 

The following are new subgenera:— Guyana, Eehinites, non 
auet,, Mellitella , Bochnostoma, Oligopodia, Studeria, Milletia. 
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EXPLANATION OP TERMS. 

The following explanation of the anatomical terms employed in the classifi¬ 
cation is intentionally brief, and further information regarding the anatomy 
of the Eehinoidea can be obtained in the Text-books of Zoology and Compara¬ 
tive Anatomy, in ‘ The Revision of the Echini ’ and the Report on the * Chal¬ 
lenger * Echini, by A. Agassiz, in Loven’s ‘ Etudes sur les Ecliinoidees , 5 in 
‘ Pourtalesia,’ and in ‘The Echini described by Linnaeus/ by the same author, 
in works by Perrier, Koehler and Ludwig, and by various authors in the Journal 
of the Linnean Society, the Quarterly Journal of the Greological Society, and 
the Quart. Journ. Micros. Sci., during the last decade. 

The Test. —The individual Echinoid—its covering of calcareous plates and 
spines, and its internal and external soft structures and organs. The term, 
when employed in the description of fossil forms, especially refers to the 
denuded animal, and in the recent forms it is also thus applied ; but the 
shape when the spines remain must be considered, as well as when denuded. 
The plates of the test are numerous and are in certain regions or sys¬ 
tems. The upper surface of a test is abaoimal or dorsal , it has the plates 
of the dorso-cenfral or apical system at the apex or elsewhere ; the under 
or opposite surface is cteiuial, and, except in one family, the peristome 
opens out there; the equatorial circumference is the ambitus or margin . 
There are five ambulacra! areas, composed of plates reaching in 
vertical rows from the Radial plates of the Dorso-centrcd or Apical system 
over the ambitus to the peristome and sometimes beyond, to the true mouth ; 
and five interradial areas, consisting of plates in rows placed between the 
ambulacra and reaching from the Basal plates of the Apical system to the 
peristome or further. In rare instances, the postero-lateral interradia join 
abactinally at the median line of the dorsum of the test, and a similar 
union may occur actinally. 

The peristome and the pcriproct are at the opposite poles of the test in 
some Orders of Eehinoidea, and such are called Endocyclica or Reyulares. 
In other orders the pcriproct is beyond the Dorso-centml system and is 
somewhere in the median lino of the posterior interradium, either dor- 
sally or actinally; such forms are called Eweydim or Imp/ttl arcs. The 
orientation of the Exoeyclica is not difficult, the pcriproct indicating the 
posterior region of the test; furthermore, the madreporite is, in the majority 
of cases, in the right anterior Basal /date of the Apical System and often 
extends to the centre of the system or posteriorly and even more or less 
beyond. The orientation of one of the Endocyclica is evident when the 
apical system is preserved, and it may be taken that the madreporite is 
mainly in the right centerodatcral Basal plate. Then the Radial plate in 
front of, or anterior to, and on the left hand of the madreporite-bearing 
basal is the anterior Radial plate , and the ambulacrum associated with it 
is the anterior one. In the event of the loss of the apical system, the 
determination of the axes of the test may usually be settled by employing 
Lov&n’s method (Etudes, pp. xi et seq.). 

The margin of the peristome formed by ambulacra! and interradia! plates 
has a membranous tissue connected with it and is more or less covered with 
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plates; this peristomal membrane surrounds the Stoma or true mouth and is 
attached to the pyramids of the *1am ; hut in the edentate kinds, or Nodosfo- 
■mata, the inner edge is free. In the Gmdhostomes I ho Jaws are internal and 
the teeth project free in the Stoma. The edge of the peristome may he 
grooved or I noised' or not, and in the first instance external branch ice are 
present. Within the test, close to the margin of the peristome, are. modi¬ 
fications and fusions of the iuterradial and of the ambulacra! plates which, 
as ridges and processes, united or not, surround or underlie the Jaws and 
give attachment to their muscles ; the structure is the Peri gnat hie Girdle, 
formerly called “ Auricles." The ridges are iuterradial, as in Chians• the 
processes are ambulacra!. Leading from the gullet within the test., and 
passing through the gymmhts of the Jaws and upwards over the inner 
regions of the. ambulacra, are live variably developed finger-shaped organs, 
in some genera — u Stewart's Organs" or Internal hranehiw. External 
branehke occur in some orders which are thus edobmuckiafa. The orders 
without, them are anedobranchiata. 

The ambulacra,l plates are always perforated by canals (one, two, or many) 
ending externally in pores; the wkrmdia are more or less perforated in 
the Clypeastroida; tlio water-system from within becomes connected with 
Tentacles or Pedicels which are placed outsido the test, their bases covering 
a pore or a pair. The surfaeo of all of the plates of the test is tuborculuto 
or granular, and may have episfroma ; the tubercles carry spines, some 
minute ones, and some granules support the statics of pediceUariw; sphe- 
ndia occur in the acfcinal part of the ambulacra. They are usually visible, 
hut may be hidden. 

Plates .—Tests may be rigid or more or less flexible. Plates are more or less geo¬ 
metrical, calcareous pieces forming the inter rad la, ambulacra, dorso-cenfral 
system, perignathic girdle, and are found upon the pensiomhd and pern 
■proetal membranes ; they are named according to those parts of the test, 
and may be numerous or few. Composed of lax or close branching rods of 
carbonate of lime and intermediate organic structure, of cleaving on lei to in 
fossils. Aplaio has an inner or visceral surface, an outer with tubercles, 
granules, and episfroma: and edges, the more or loss transverse of which are 
dorsal and aotinal or abora.1 and adoral; the remaining edges are vertical 
or aslant. This edges of plates are in contact with those of others around, 
and, the piano of junction, or union, is the Suture, The edges in contact, 
may he fused or inseparable, or in simple contact through the intervention 
of a thin organic tissue; or the edge of one plate may carry knobs which 
fit into socket h upon the opposite edge (dowolliug); or htnime of one edge 
dovetail into grooves in opposite edges. The outer part of the suture (the 
line of suture) is often visible at the surface of the test, between plates, and 
may be a simple line, or a slight or deep groove, with or without pits and 
deep wide mining hollows. Plates may be united by soft structures in which 
there is no carbonate of lime, and then there is no suturing, but more or 
less flexibility of the test or part of it. The plat es of the p&risiomkd and 
periproctul membranes are thus separated. The sutures which are vortical 
and pass down in the median line of the interrndia and the ambulacra 
are Median ; the sutures between the ambulacra and interradia are And a- 



OOTERA ATO GROUPS OE THE ECHINOIDEA. 


297 


lacro-interradial ; all others are Transverse. Overlap or imbrication of 
the edges of plates may occur when the plates are separated by organic 
material, although there is no obliquity of the thin edges of the 
plates. Overlap usually occurs when the plates are in direct contact, 
and lienee obliquity of the edges; the direction of the plane of suture 
is then not at right angles with the surface of the test, but more or less 
aslant. In overlap the edge of a plate overrides or overlaps the corre¬ 
sponding edge of the plate placed actinally or dorsally or at the side. The 
overlap occurs both in thin and in thick tests and has definite directions. 
The overlap of the amlmlacral plates is adornl or actincd , that is the actinal 
edge of a plate overlaps the ahactinal edge of the plate situated below or 
actinally to it. On the other hand, the overlap of the interradial plates is 
(iboral or ahactinal , and the abactinal edge of a plate overrides the actinal 
edge of the plate placed dorsally to it. It is understood that the observation 
must be made of the outside of the test. Overlap may occur at the sides of 
plates and in the interradia, from the median vertical line outwards. 

Coronal plates are those between the peristomial margin and the apical 
system; peristomial marginal plates surround and form the peristome ; 
buccal or peristomial plates are in rows or are isolated within the peri¬ 
stomial margin in the line of the ambulacra; periproctal plates are upon 
the periproctal membrane ; anal plates are close to the anal orifice in the 
•periproctal membran e, 

Interradial plates are simple and variable in number. Amhidacral plates 
are usually in two vertical rows, but there may be more; the plates are 
either simple or compound ; and in the first case they are in the great 
majority of instances primaries, that is they extend from the outer edge 
of an ambulacrum to the median suture of the area. When compound 
they are composed of two or several components , all of which are joined 
by sutures and form a geometrical plate; some components are primaries , 
that is extend from the side of the ambulacrum to the median line; 
others are demi-plates and do not reach the median line. The direc¬ 
tion of the lines of suture of the components of a compound plate varies in 
different families. 

A plate is said to be occluded when it reaches the median line, but does 
not touch the ambnlacro-interradial vertical suture . The plate may be 
isolated , and then it is shut out from the median line as well as from the 
edge of the ambulacrum. Each plate, whether simple or forming part of a 
compound plate, or a solitary domi or occluded plate, is perforated either 
by two canals, and shows externally a pair of pores, or by a single canal, 
or by several, each having one pore externally. (See Tentacles.) 

Tubercles are primaries when fully developed and larger than others, 
which are Secondaries.” They have a base, the (s Boss,” which carries 
the Mamelon ; ” the upper part of the Boss may have crenillation, or be 
emwlafed (more or less vertical ridges and grooves all round the upper 
part) or not, and then it is said to be plain ; the mamelon may have 
a circular foramen leading downwards from the apex for a slight distance, 
and is then “ perforated? or the perforation may be absent, and the 
mamelon is <c imperforate? A plain or a sunken space may surround the 
base of the Boss of primary tubercles, which is called the <{ Scrobiculc ” or 
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scrohmdar area ; its outer limit, more or less circular, is the scrobicidar 
circle, and may or may not be perfect; if not, the scrobiculo of one 
tubercle will be found to merge into those of the tubercles placed dor sally 
and aetinally to it, and is “ continuous A Secondary tubercles may or may 
not Slave serobieulos. 'Very small tubercles incomplete in their division 
into parts are Miliarias\ Granules are more or less nodular projections of 
the test, aiul may bo largo and distant or very numerous and like shagreen, 
and all intermediate sizes are semi. The tubercles carry spines. The 
miliaries and granules may carry small spines or pediecllarice. 

Loven lias lately pointed out that much of the ornamentation of certain 
genera,, such as ridges, all monilifnrm, pedunculate, and largo granules, 
linear or vermiform elevations, and groovings, is due to the calcification of 
a membrane placed in early life upon the plates. This ornamentation is 
Epistmmi (Loven, Eeh. dese. by Liumeus), 

Dorm-central or Apical System.— This is abactinal or dorsal, and consists of 
Based plates, Radial plates united by sutures or fused or separated by soft 
tissue (formerly termed Genital and Ocular), the madreporite, and of 
the piyriproetal plates in some, and sometimes of intercalated plates. In 
the Emlocyeliea the periprodal ring , composed of basal and sometimes 
of radial plates, surrounds the 'membrane and plates of the pmproct 
and the anal opening, with or without anal plates. The gemtul glands, 
within the test, open externally by ducts, and one or more of them may 
perforate a Basal plate, or the perforation may be in the interradium 
beyond the dorso-eentral system. All or some of the basal plates may 
be thus perforated. Each Radial plate has a canal with a single or 
double orifice, and in the Talteecliinoidea more than one canal may exist; 
the position of the opening dithers, but it appears to refer to the primi¬ 
tive large tentacle, and not to an ocular organ. The Radial plates, 
live in number, may either be placed within the angles formed by the 
aetinally projecting Basal plates, and are then external, or one or more may 
project between the Basal plates and separate them, In the Emlocyeliea 
if the Radial plates touch the margin of the per ip met they “ enter the. 
tingA The Basal plates are either five or four in number, and when the 
latter number prevails it is due to the absence or incomplete development 
of the posterior Basal plate. The Periproct is within the Dorsourutral 
system in the Endoeyeliea, and there are plates covering it. more or lews. 
The plates may he few and symmetrical and triangular, or numerous and 
more or less ovoid, circular, or irregular in outline, and placed coiimdn- 
rally, the largest anteriorly. A snr-anal plate may exist, and is large, and 
in front of the anal orifice or in front and to the left side; rarely a, some** 
what milhmom pavement of plates occurs. The plates carry spinuies, 
tubercles, granules, pedioellai'he. The shape of the peripmd varies: it; 
may bo circular, elliptical, or pyriform; it may have its long axis along 
the median Hue of the dorsum or obliquely to it in the Emlocyeliea, 
When the test is Exoeyclio, the Rusal plates maybe in contact at their 
sides, forming a “ compact n system; when sumo of the Radial plates, l e. 
the anterodateral pair, separate the Basal plates , and unite along the 
median line, pushing the posterior basal plates backwards, the system is 
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u elongate f when the Apical system has the posterior pair of Radial 
plates not in contact with it, bat placed far posteriorly and separated from 
it by the junction of in tor radial plates along the dorsum., it is said to be 
“ disjunct or disconnected 

The Basal plates project into, or are in contact with, inter radia, and the 
Radial plates surmount ambulacra. In a great many genera “ the Madre¬ 
porite ” is in the right anterior basal plate, which then is the largest; the 
left anterior basal plate is at that side of the right anterior, and the postero¬ 
lateral based plates are immediately posterior to the anterior pair, except in 
Elongate apical systems, where, as has been noticed, the antero-lateral 
Radial plates intervene. The posterior Basal plate is in the anteroposterior 
median line of the dorsum of the test and is in contact on either side and 
to the front with the postero-lateral basal plates; or it may be absent. 

The anterior or odd Radial plate is in the median line anteriorly, and is 
in the angle made by the antero-lateral basal plates; the postero-lateral 
Radial plates are on either side of the posterior Basal plate. When there 
is no posterior Basal plate, the posterior pair of Radial plates may come in 
contact and close the system posteriorly, or they may be separated by the 
Madreporite extending backwards. The anterior Radial plate is No. 111., 
the left anterior Radial plate is No. IV., the left posterior is No. V., the 
ric/ht posterior Radial plate is No. L, and the right anterior plate, usually 
with the madreporite, is No. II. The ambulacra corresponding to the plates 
are similarly numbered. The right anterior basal plate is No. 2, the 
opposite or left anterior Basal plate is No. 3, the left posterior plate is 
No. 4, the posterior Basal is No. 5, and the right posterior Basal plate is 
No. 1 . The interradia in relation with the Basal plates are similarly 
numbered. (See Lovdn, Etudes.) 

The Madreporite.—k cribriform structure consisting of canals, tubular in shape, 
variable in number, with reticulate carbonate of lime between them and 
forming their walls, opening at the surface of the test, the orifice or 
oriilces being minute and rather close, leading into the test to a canal 
which is in communication with the water-system and a renal organ. It 
has no especial plate and the tubules of the body may be restricted to the 
area of the right anterior Basal plate, or may extend and perforate other 
Basal plates and oven some interradial plates. The Madreporite may 
exist so as to separate some of the basal plates in the Exoeyclica, to form 
much of the centre of the system, and it may pass backwards separating 
the posterior Basal plates and even the posterior Radial plates, and may 
abut against the posterior intorradium. In some Olypeastroida there may 
be but one pore in the Madreporite, or two or three situated along a narrow 
groove ; in the majority the body may be central . 

When a Madreporite in tbe Exoeyclica is bounded posteriorly by the 
posterior pair of Basal plates, Nos. 4 and 1, the apical system is Ethmo- 
phraet; but when the posterior Basal plates and the Postero-lateral 
Radial plates are pushed on one side by the Madreporite, the arrangement 
is Ethmolysian. (See Loven, Etudes.) 

In the Exoeyclica the periproct is in the median line of the posterior 
ambulacrum, beyond the apical system; it may be circular* elliptical, 
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oval, large or small, and even deformed and oblique; it may be supra¬ 
marginal, marginal, or infra-marginal; it has plates surrounding the anus, 
sometimes numerous, rarely few and triangular. 

Ambulacrum, one of the Jive ambulacra. (See Test, Dorso-cenfral System, 
Plates.) —Consists of an interior iferous area, which is placed between the 
t.w.o poriferous .cones. The ambulacra may bo straight, curved, wavy, subsig- 
moid, flaring, broad, narrow, Hush or sunken, according to the usual 
meaning of the words; their path is dorsal, nnibikd, aotinal, peristomial, 
and buccal'-those being the regions of the test passed over. They a re 
similar, or, when the anterior one differs from the others in its pores, 
dissimilar; they are either Close at the Apex, or Disconnected when the 
posterior Radial plates arc disjunct. They are named according to their 
position, and are :—1, Anterior or odd ; 2, Antero-laf oral , right and left; 
3, Post'erod'ateral, also riyld and left . Each ambulacrum being associated 
with a Radial plate, assumes the number of that plate in Levons termi¬ 
nology. Ambulacra may have their dorsal portions potaloid and the rest 
simple, except often near the peristome. In the Bxoeycliea the anterior 
ambulacrum and the antero-latoral pair are sufficiently connected to form 
a Ttiomm, in contradistinction to the posfcero-lafcoral pair, which then 
form a IHviim. The termination of the ambulacrum at the Peristome is 
the peristomal margin of it. The petaloid parts are cither flush with the 
test, or project and are tumid, but most commonly they are slightly or 
considerably sunken, and in the last instance they frequently arc Marsnpm, 
or receptacles for the immature young ; they may be in deep and narrow 
or broad grooves. 

The areas have primary and secondary tubercles in vertical rows, or 
the last kind .may be irregularly disposed or in scrobieular circles around 
the primaries (sec Plates). Granules occur and Kpistroma . 

The poriferous zones arc on either side of an interporiferous area, 
except in some Palmozoic genera, whore all the ambulacrum is pori¬ 
ferous. The arrangement of the pairs of pores may be in simple 
series, that is to say one pair is placed over the of her from peristome to 
apex; or they may be placed so that there are two vortical series, one 
nearer the ambulacro-interradial suture than the other, they are then 
termed “ biserial” (bigeminal of atif hors); or them may bo three vertical 
rows of pairs, (he arrangement being “ trine rial ” (Irigomiiml); or (here 
may bo a crowded and apparently disorderly arrangement of Iho pairs 
near the peristome, and it is ^Polgserialf 

Simple series of pairs of pores are either absolutely straight or in ares of 
throe or more pairs. The innermost, and therefore the lowest; or advral of 
the pairs of an arc of throe pairs, is usually connected with (ho adtmtf plate 
of a compound plate, and when there are hmrkd pairs the distribution of 
the three pairs in an are is closer and wider apart laterally (see ttekino- 
thrisc , fig. 7, pi. v. Linn. Soe. *Touro. xix.), or as in Mieropyga (see sumo 
plate, fig. 11). The adoral pair of the triplet is then not always the most 
internal of the throe. (It is clear that there are throe pairs of p< ires to each 
compound plate of the bisorial Micmpyga, and therefore the word bige¬ 
minal, which used to be the term, is incorrect.) Pairs are said to ho in 
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oblique series , or to be oblique, when there is an outward slant of three or 
more consecutive pairs from above downwards ; but it will be found, as a 
rule, that the highest , and therefore innermost, of the three pairs is the 
adored pair of a compound plate, as in Pedina. In every pair the pore 
which is nearest the interporiferous area is the adoral of the two, or 
was so at an early age, and is or was in contact with the transverse suture 
of the plate; but during the growth of plates the pair may become removed 
from the neighbourhood of the suture, and the adoral character lost. 
JJniporous zones occur in parts of ambulacra and sometimes throughout. 
Polgporous ambulacra, as in Clypeastridm, are those in which besides the 
usual pairs numerous single pores exist throughout or in part of the ambu¬ 
lacrum. Pores are similar when both of a pair are the same in shape; 
dissimilar when the outer pores of a series of pairs differ in shape and 
size from the inner series. Pores become obsolete or rudimentary or very 
small in the zones between Internal Fascicles and the Apical system. 
Pairs of pores may either be flush with the test or open out in slightly 
raised elliptical rims, called peripodia; there is usually a septum between 
the pores of a pair, and there may be a costa between each pair of pores. 

Ambulacra are simple when the pairs of similar pores keep to slightly 
curved lines of vertical direction, as in Oidaris, Diadema, and Echinocorys ; 
and they are then often termed apdaloid in contradistinction to the 
petaloid condition. " Petaloid ambulacra are those which enlarge between 
the apex and the ambitus, and contract again more or less perfectly 
before reaching that region; they have large pairs of pores, and the outer 
pores of pairs are usually broader than the inner, and this dissimilarity 
increases with the boldness of the curvature of the zones. Subpetaloid 
is a term given to ambulacra similar to those just noticed, but the pairs of 
pores do not tend to close distally. The pairs of pores at the peristome 
or close to it may he simply crowded ; or they may be in a pattern forming 
a kind of petal, some of the pairs being wider apart than others, and some 
put out of place and “ doubled? this arrangement is a il Phyllode? When 
accompanied by ornamentation of the timid inter radial peristomial margins 
(bourrelet), the whole forms a “ Floscdk 
The “ Tentacles or Pedicels ” of the ambulacra are placed over the 
peripodia, and single, and may be prehensile and end in a disk, or be 
branchial or pent dilate *; they may be of the same bind or they may 
differ in the same ambulacrum, especially if there are fascicles crossing 
the areas, and then the tentacles of the peristomial region differ from 
those of the dorsal. The tentacles of the ambulacra are homoiopodous 
when they are similar, and heteropodous when they differ in shape, 
construction, and function; siibhetcropodous when the abactinal tentacles 
are partly branchial and partly and feebly prehensile, the actinal being 
with disks; subhomoiopodous when the actinal tentacles, although modified, 
still have suckers. Branchial incisions, grooves, or cuts are notches in 
the peristomial margin for external branchiae, are on either side of each 
ambulacrum in some orders of the Endocycliea, and there may be a “ Tag " 


* 0. F. Muller, 1789, ‘ Zool, Danica,' vol. iii. p. IS. 
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or piece of plain test passing for some distance dorsally from the grooves, 
and they are in relation to small tufts of external brunchim. 

tdpheridia are either placed visibly upon short stalks in the ambulacra,, 
usually near the peristome, or they may be partly or entirely covered by 
test; they vary in number and exact position, and aro opalescent sphe¬ 
roidal bodies, (See Loven, Etudes.) 

In ter radium.— One of the five areas which are placed between the ambulacra, 
and reach from the basal plates of the apical system to the peristome 
{coronal), and in some instances to the mouth (periston?ial). 

The plates aro more or less geometrical and in vertical rows, and 
are united by transverse and oblique sutures with those above and below, 
and a median suture (or in some Palmozoic forms sutures) unites them also 
at the side. Variable in shape and in number; when in more than two 
vertical rows those nearest the ambulaero-interradial sutures are “ adeem- 
bulavmV ’ In the Euechinoidca the intorradia correspond with basal 
plates, and are numbered as they are, and receive the same orientation. 
In the Exocyclica. the posterior i'•?? ter radium, No. 5 (Lov6n), has the peri- 
proct occupying some space at the median line or suture; and in Spatan- 
goida the posterior inter radium is long, and often forms actinally a sternum, 
preceded at and towards the peristome by a lahmm, forming the posterior 
edge of the peristomial margin, followed or not by an epistermm. When 
there is a large plate on either side of the median line of the sternum, the 
test is amphistermus ; and when there is more or less of a zigzag mid the 
plates are not arranged symmetrically on either side of a median line, the 
test is mcridosternous (Loven, ‘ Pourtalesiat). The intorradia may enter the 
peristomial margin, each with two plates, or with only one, as in Ca,md?dus 
and in Spat an golds and Clypeasfcridse. The intorradia are usually con¬ 
tinuous from apex to peristome, and in Cidaridm and in some Palmcelu- 
noidea they are continued beyond the peristome associated with ambulacra! 
plates to near the stoma. Rut dimmtimiiiy may happen by the enlarge¬ 
ment of ambulacra! plates blocking out the union of the first and second pen- 
atom ial intcrrudial plain s, leaving a circle of ambulacra! plates, as in Mellila 
(Loven, ‘ Etudes*). There is a want of symmetry and similarity between 
the arrangements of the plates in the pos/cro-/<t feral pair of inti rradia (Nos. 

I Aid), and this is produced by the fusion of certain plates in tho actinal 
region of the r'ujhf pust eroded oral inferrudhtm .No. 1 (Loven). The anterior 
pari of t he inkmidhm is cone b, and tho po.svV/w zone next to (he post ero¬ 
lateral ambulacrum is cove a. (For descriptions of tI uh want ol\vmme<ry, 
ancient and modern, see Loven, ‘ Etudes.’) 

Union of the second and third (2 A 8) plates of mm a, no such union 
happening in tho corresponding zone of in ter radium 4, is mrmal hefem - 
mmij of inlemidhnn 1 ; union of tho second plates of zone a and zone h in 
mterrndium 1 is ancml hefemiormp Irregular hot mammy when tho 
phd.es 8 & 8 of zone h unite with plate 2 of zone a in interradinm tho 
plates 2 of both zones of interradium 4 also uniting (Pafemtemm). 

The Peristome, more or less central and actinal in the Endocydica, is 
sunken or flush, decagyual, pentagonal, with or without branchial incisions 
or cuts; the margin ‘is composed of ambulacra! mid inter radial plates, 
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and these may or may not be carried on as far as the true mouth; or 
isolated buccal plates occur. 

In the Exocyclica the peristome varies in shape and position, usually 
aetinal, and usually excentric in front; it may be quite anterior, as in 
Pourtalesia. It may be elliptical, decagonal, circular, oblique, pentagonal, 
or semilunar with a posterior labrum. It has a plating upon its membrane. 

Perignatkic Girdle (see Test) does not occur in Spatangoida: is continuous when 
there are processes ambulacral in development, usually arched over, and 
connected at their sides by ridges consisting of turned up and fused inter- 
radial plates (Duncan, Journ. Linn. Soc. xix. p. 179); is discontinuous , as 
in Cidaris and Clypeastroids, when there are either simple ridges or simple 
processes without their union. 

Jaws. —In the Endocyelica the pyramids are live in number, and each has a 
grooved or a keeled tooth, pointed actinally. The pyramids are in muscular 
contact at their sides; and at their upper junction is a t£ brace ” radiating 
outwards from the central axis of the jaws, which is occupied by the 
oesophagus; a long, bifid process, the “rotula” or compass, is above each 
brace. The projecting part of the pyramid bulges outwards at the 
median line, and in some genera it is solid almost to the upper part, a very 
small notch or foramen existing ; but in others there is a large foramen , 
which is arched over by apophyses of the sides of the top of the pyramid ; 
the tooth is just within this median projecting part. The jaws of the 
Clypeastroids are differently formed, and in the majority of genera overlie 
and are rarely within the single or double discontinuous perignathic processes 
and ridges , as the case may be. They have each pyramid more or less 
concave and re-entering at its median line; the projection is at the junction 
of two pyramids over the ambulacrum within the test, the reverse of what 
occurs in Cictaroida for example. In Clypeastroida the jaws are low, 
often tmsymmetrical , and the teeth are aslant , or oven nearly horizontal. 
Moreover, the foramen is absent, and the compasses also, the braces being 
rudimentary and not found at the upper junction of two pyramids. 

Fascicles are narrow bands of close granular ornamentation, which support rudi¬ 
mentary spinules and pedicellarias. The u pcripetaloits' 1 fascicle environs 
the petaliform parts of the ambulacra, often keeping close to them; the 
” lateral or more properly termed “ marginalf encircles the test about or 
above the ambitus; and the peripetalous fascioles may have a posterior 
lateral branch passing beneath the anus, sometimes called et infra-aniaL” 
The “ subanal ” fasciole encloses a space or plastron perforated by pairs of 
pores, placed beneath the anus, and it may send anal branches upwards on 
either side of the anus, and they may enclose it, forming an anal fasciole. 
The a internal fasciole ” crosses the ambulacra at a greater or less distance 
from the apical system. The internal fasciole and the subanal fasciole are 
accompanied by modifications in the structure of the plates and tentacles 
enclosed within their areas, and are of much importance in classification. 
Spatan golds have fascicles, and those genera of the group without them are 
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Adetcs , the genera with snbanal fascicles are Prt/nmodesmia, and those 
without them and with other fascioles tire Pn/rnmdefes (Lovdn). 

Spines vary greatly in dimensions, and in the shape and nature of the trans¬ 
verse section; may be hollow or more or less solid and reticulate 
centrally; externally with close or distant wedges, or a merely solid 
circumference. They consist of a shaft variously ornamented, of a base 
which is hollowed for the condyle or cup part of the joint for the reception 
of the ball or mamelon of the articulating tubercle. The base may be 
plain, or it may be crenulate, and will then correspond with a erenulation 
on the ridge surrounding the base of the mamelon. The erenulation varies 
in amount, and it may be present in some and absent in other tubercles 
and spines upon the same test. The opposed crenulatecl surfaces give 
attachment to the dense capsule of the joint, and there arc no muscular 
fibres in connection with them. Above the base of the spine, .is usually, 
but not invariably, a more or less symmetrical collar, which projects 
beyond the shaft, and is sloped upwards to the shaft and ornamented with 
the striations or grooves and ridges of the spine. The muscular fibres 
which move the spine are inserted just, below the collar, or upon the whole 
of the underparb of it, and they arise from the edge of the scrobicule close 
to the scrobicular circle of granules or tubercles, and may form a sheath. 
Some spines are fixed, and arise at once from the test, as in Podoeidaris . 
(For general and especial structure see A. Agassiz, ‘ Revision,’ and Reports 
on the ‘Challenger’ and ‘Blake’ Echini; Mackintosh, Trans. Roy. Irish 
Acad. 1878.) 

Pcdicellarue have a short or long calcareous Btem articulated upon granules, 
and a short or very long flexible and soft part upon which is the bead, 
formed by either two or by three valves. The stem may bo glandular or 
not, and glands exist in many instances within the head, also muscular 
fibres andmerves. Podicellariie have been classified under throe terms, and 
0. F. Muller, 1788, Zool. Ban. vol. i. p. ll>, called them P. <jloh(fera, P. tri- 
phylUt , and P. tv idem*. The first have a spherical head and no neck, the 
second have abilobate short head and a produced neck, and the third have 
a bilobato long head often with slender valves and a neck. These terms are 
quite as useful as the more modern equivalents— P P. ophh* 

vephaia, and P, ivulavfylti. The “ (jlobijh'tiP of Ha,maim ore large tri¬ 
partite glands without an internal calcareous support. 

The figures of Podieollarhu in the Zool. Daniea, vol. i. pi. xvi., ‘ Revision 
of the Echini,’and in the Reports upon the * Challenger* and *.1 flake’ 
Echini, by A. Agassiz, should be studied; also Valentin, 18I I, Anat. Gen. 
Ititlmm w, in Agassiz, Monogr. d’Keh. viv. et fuss.; Hladen, 1880, Ann. & 
Mag. Hat. Hist. ser. f>, vi. p. 1 OH; llamann, 1880, &mc'ler-Abdruck aus 
den Sitzungsb. d. Jbnaiseh. Gesollseh. f. Med* u. Naturvv. 8ee also remarks 
by Dbdcrlein, 1885, Arcluv f. Naturg. (Wlegm.), i. p. 82. 
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SUPPLEMENTARY NOTE* 


The following Note was written during the printing of this s< Revision ” 
(Oct. 18th, 1889). 

An important work came to hand after the reading of this “ Revision, 5 ’ and 
the following are necessary remarks: — 

Explorat. Sci. de la Tunisia, Ech. Foss., 1889, MM. Thomas efc Y. Gauthier. 

Genus Opisopnemtes, Gauthier, 1889, p. 2. This, according to the system 
adopted in this (t Revision,” is a subgenus of Hcmipncmtcs. 

There is not sufficient structural difference between Holaster and a genus 
PsGudholasier , Pomei, 1883, adopted by M. Gauthier, and the first-named 
genus absorbs the other. 

Plesiaster, Pomei, adopted by M. Gauthier (p. 26), is said to be a Micrcider 
with a peripetalous fasciole; but, considering the shape and the distribution of 
the species of Metalia from Sind, and the existence of the genus Meoma, it is 
impossible to recognize the proposed genus without further knowledge about 
the anatomy of the test. 

Had M. Gauthier had the advantage of seeing the great collection of species 
of Pksiokunpas, Duncan and Sladen, from Sind, he would have placed his 
genus Hypopygurus in it. There is no distinction. 

Pygopistes , Pomei, 1883, admitted by M. Gauthier, comes within Oatopygus 
(see mde, p. 185). Parapygus, Pomei, is inseparable from EchmantJms, 

Genus Addopncustes, Gauthier, 1889, op. cib . p, 52, is a good and most 
interesting genus belonging to the Echinoconinos. It has the characters of 
EchinocomSf but the ambulacra! plates are few, high, and single, and each has 
a pair of very small pores. Cretaceous; Tunis. 

Bachiosoma, Pomei, 1883, is a Cyphosoma. 

Thegader, Pomei, 1888, when compared with fossil and recent FUmlari <e (see 
especially the tumid forms described by A. Agassiz), clearly is a true Fibularine, 
and synonymous with Mbitlaria. 

PliolamjMS, Gauthier?, op.dt. p. 97, appears to be a PalcBolampas, Bell, with 
a produced rostrum and periproct. 

Orthechinus, Gauthier, p. 105, admirably described, covers the same ground 
as ThyUohinus, Pomei (amended), see p. 89 of this “Revision.” M. Gauthier’s 
generic name is the best. 

Subgenus Radiooyphm , Ootteau, 18S8 (genus), Compt. Rend, de 1'Acacl. des 
Sci. vol. 107, is a subgenus of Acanthechiim (see ante, p. 289) with perforate and 
crenulate tubercles. 
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Ahtdm, 220, 227, 228. 
.A.ea,ntlicoi n mis, (58. 
Acesto, 200, 

Acrociduris, 51. 
Aeropoltis, 52, 50. 
Acrosalenia, 48. 
Adelopn eustos, 805. 
Aclotes, 217, 260. 
iEolopneustes, 125. 
Aoropo, 271. 

Agcvriic 98. 

Agassizia, 287. 
Alexandria, 105. 
Amblypneustos, 112. 
Amblypygus, 170. 
AmpMdetm , 201. 
Amphidotus, 261, 
Amphiope, 159. 
Ananchytes, 206. 
Ananehyfcidiu, 205, 
Anaulocidaris , 27. 
Ammster, 285. 
Anoehaims, 177. 
AnomaUinth us, 155. 
AnoHhopygtifl, 178. 
Anihohf'mur, 187. 
Aufhoeidarts, 121. 
Apotala, 2,17, 200. 
Amolmtiuc, 158, 105. 

A me) monies, 105. 
Arnehmopleuvus, 100. 
Arfoada, 98. 

Arbaciidtu, 92. 
Archiuocidaridti!, 8. 
Arch pod (laris, II. 
Archiaeia, 200. 
Argopatag as, 270. 
Aspidod mtloma, 55, 50. 
Aspklodiadenmfcidaj, 50, 
Asterobmsus, 181. 
Aefceroeidaris, 51, 59, 
Astemdaspis, 105. 
Asteropsis, 69. 
Asterostoma, 201, 202. 
Asthenosoma, 89, 43. 
Astnclypeus, 103, 


Aalropyga, 36, 89, 75, 77, 78. 

Bolcfcia, 181. 

Bothriocidaris, 8. 
Bcdbnoeiclaroida, 7. 
Botbriopyguw, 177. 

Breynia, 202. 

Brmomorpha , 242. 
Brissopatagus, 252. 
Brissopneusics, 241. 
Brissopsis, 248. 

Britssus, 241. 

Calvaria, 48. 

Calynmo, 214. 

Oaratomus, 170. 

Cardiasfcer, 209. 

Oassidulidffi, 180. 
Cassichiloidea, 25, 100. 
CawsicluliiB, 181, 

Oatopygus, 185. 
Centrostephaims, 01, 
Chrt/somehw, 129. 

Oihader, 209. 

Oidarida*., 20. 

Oiduriw, 27. 

Ciduroida, 24,20,27. 

Cidaropsi.s, 58. 

(JionobrisHUH, 259. 
CircopcK.is, 58. 

Olaviuslor, 201. 

Olmslwhi nun, 277. 
Olypcastor, 149, 151. 
OlyjmnKtriflus 148. 
OlyiHuiRtroidn, 25, 142, 148. 
Clppeoknrpm, ,192, '194. 
Clypcopygus, 188. 

Olypous, 187, 

OudecbmuH, 80, 

Codiopsis, 05, 

Oadopbmrus, 94. 

Collyriles, .1.90. 

Oollyritidai, 190. 
Oolobocontrotus, 117. 
Colpotiam, 65, 

Conchophorm, 252. 
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Conoclypeus, 140. 
Oonolampas, 192, 

Conidus i 107. 

Coptophyma, 104. 
Ooptosoma, 85, 87. 

Coraster, 236. 

Ootfcaldia, 67. 

Crustukm, 163. 

Cycluster, 249. 

Cypbosoma, 85, 86. 
Cyphosomatid.se, 85. 
Cyrthoma, 182. 

Cysteobinus, 213. 

Cyst ocular is, 20. 
Oystooidaroida, 20. 

Dcakia, 248. 

Desorella, 179. 

Desoria , 233. 

Diadem a, 60. 

DiadematidaB, 57, 58. 
Diadem at in se, 59, 
Diadematoida, 24, 36. 
Diademopsis, 62. 
Dictyoplourus, 99, 
Diplooidaris, 35. 
Diplopodia, 07. 
Diplopodiinm, 59, 67. 
Diplotagma, 70. * 

Diplothecanthus, 153. 
Discocidarls, 27, 33. 
Biscoidea, 138. 

Ditremastcr, 228, 229. 
Bockmostoma, 176. 
Dorocidaris, 28, 31. 
Bysaster, 197. 

Echimntkida , 148. 
Echinanthus, 154, 155, 183. 
Eckinaracknius, 158. 
Eehinidse, 126. 

Eckinites, 139. 
Eehmobrissinse, 174. 
Eckinobrissus, 175. 
Eehinocardium, 261. 
Echinoeidaris, 93, 94. 
Echinoconinsc, 167. 
Eckinocomis, 167. 
Eckinocorys, 206. 
Echinoerepis, 287. 
EeJdnoermus, 11. 
Eekinooyamus, 144. 
Ecliinocypkus, 101. 
Eehinocystites, 18, 20. 
Eekinodemata, 4. 
Eckinodiadema, 61, 64. 
Eckinodisous, 159. 
Eobinoidea, 4. 
Eckinolampas, 190. 
Eckinometra, 118. 


Eckinometridse, 115. 
Eekinometrinse, 115, 116. 
Echmoneidae, 166. 
Eckinoneus, 169. 
Echinoneinse, 168. 
Eckinopedina, 73. 
Eckinopsis, 73, 83. 
Echinospatagus, 219. 
Eckinostrepkus, 123. 
Eckinotkrix, 77, 78. 
Eckmotkuria, 42. 
Eckinotkuridse, 40. 
Eekinotkurinse, 41. 
Echinus, 126. 

Encope, 160. 

Eniekaster, 215. 
Ennalaster, 220. 
Entomaster, 311. 
Eoeidam , 12, 27, 33. 
Eodiadema, 81. 
Bolampas, 200. 

Epiaster, 218. 

Etbmolysii, 230. 
Etkmopkracti, 230. 
Eueckinoidea, 4, 21, 24. 
Eupatagus, 253. 

Ear echinus, 121. 
Eurkodia, 184. 
Eurypneustes, 124. 
Euspatanc/us, 253. 
Eveckinns, 138. 

Faorina, 227, 231. 

Faujasia, 189. 

Fibularia, 146. 
Fibulariidse, 166. 


Gagaria, 91. 

Gcilerites, 167. 
(Merociypeus, 189. 
Galeropygus, 141. 
Garelia, 78. 

Gautkieria, 88. 
Genicopatagns, 266. 
Crlobaior, 173. 
Glypkocypbinas, 96, 97. 
Glyphoeyphus, 97. 
Glypteekinus, 128. 
Glypticus, 54. 
Go'j/iphechmus, 87. 
Goniocidaris, 32. 
Goniopkorus, 46. 
Goniopneastes, 118. 
Goniopygus, 52. 

Gr ammeckin n s, 115. 
Grasia, 199. 

Gualtieria, 257. 
Guettaria, 311. 
Gymnodiadema, S3. 
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Hagonowia, 210. 
llaimoa, 174. 
liamatax ltits, 220. 

Ilardouinia, 183. 

Hebert ict, 50. 

HeUechmus , 132. 

Hiiiaaidasis, 119. 

Honuastor, 225, 220. 
Heimcidaridie, 48. 

HemiciClaris, 49. 
BComidiaclema, 50. 
Homipatagus, 222. 
Hemipedina, 63. 
Hemipneuetes, 209. 

Hcmipt/gus , 49. 

Holer aster, 220. 

Beferobrmus, 242. 
Heterocenlvoius, 1 HI 
TIelerocidaris, 75, 70, 77, 123. 
Heberodiudema, 05. 

Iletorolain pas, 221. 
Heterosalenia, 47. 

Hipponoe , 132. 

Ho last or, 207. 

Holeotypoida, 25,135. 
Holectypus, 136. 
Holopneustes, 114. 
Honialampas, 275. 
Hybooliinus, 17. 

Hyboclypus, 198. 

Hypechinus, 149. 
Hypocliadema, 83, 50. 
Hijpopggnms, 294,805. 
Hyposalema, 40. 

Hijpsachj’pcm , 194. 
Hypsopatagus, 289. 

Xlariona, 178. 

Infraolypeus, 198. 

Iiifulaster, 210. 

Isaster, 2,17. 

Isopneustcs, 241, 255. 

Jercmia, 207. 

Kkinia, 248, 

Komuckoeklims, 9. 

Xjagankbe, 156. 

La-gamim, 150. 

Lainpudaster, 208. 

Laniovia, 108. 

Loioeidttris, 27,31. 
Loioeypliuy, 11)4. 

Leiopedina, 129 
Lelopmustes, 248. 

Leiosoma, 87. 

Lenifca, 103. 

Lepidesthes, 10, 
Lepidacentrus, 9, 


Xiopidoeklaris, 12, 

Lepidoploi in is. 104. 
Leptoeidn.rls, 84, 55. 

Lcs/eia, 278. 

Leskiidai, 278. 

Lencmter, 229. 

Linopueustes, 228, 257. 
Lintliia, 238. 

Lissonotus, 275. 

Lobophom, 159. 

Loneophorus, 252. 

Loriolm, 05. 

Loveuia, 203. 

LoxceJdmts , 121. 

Macraster, 218. 
Macropneustes, 239, 254, 255. 
Magnolia, 00. 

Mnretia, 252. 

Megi das ter, 221, 

Meleeldmis, 15, 

Mellila, 101, 

Mellitella, 102. 

Molonitcs, 15. 

Melonitidiv, 15, 

Meoma, 243, 

Mespilia, 110. 

Metalia, 245. 

Metaporhimis, 204, 

Micrastor, 240. 

Mievocyphus, 111. 
Microdiadema, 02, 
Microlatnpas, 395. 
Mievopedina, 75. 

Mkropeltis, 87. 

Micropsis, 89, 91, 

Micvopyga, 70. 

Mkrosona, 88. 

Milletia, 191. 

JSiiotoxasler, 219, 221. 

Moira, 288. 

Moiropslrt, 288. 

Monopbora, 1 OS. 
Monoslyehia, 158. 

Mortoma, 110, 103. 
Monlinsia, 147. 

Nueospulangus, 250, 
Neocail.npygiiH, 180, 
Neolanipns, 195. 

Neopnensfes, 258. 

Ntirlentihs, 175. 

Nueleopygus, 172. 

Offadev, 208. 

Oligopodia, 170, 

Oligoporus, 10. 

Ollgopyginje, .178. 
Qligopygus, 1,74. 

(Blaster, 200, 
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Oolopygus, 185. 
Opechinus, 108. 
Opisopneustes, 244, 304. 
Opksaster , 229. 
OriolampaB, 194. 

Onitk aster, 236. 
Orthcchinus , 305. 
Orthocidaris, 33. 
Qrtholoplius, 100. 
Ortliopsinse, 59, 80. 
Grthopsis, 80. 

Ovielypeus, 179. 
Qvulaster, 273. 

Pachyclypeus, 142. 
Pakeeckinoidea, 4, 5, 7. 
Pakeeckinus, 13. 
Palffiobdssus, 268. 
Palceociclaris, 9, 11. 
Pal&odtscus, 18, 20. 
Palceolampas, 194. 
Palseopneustes, 228, 257. 
Paloeostoma, 278. 
Palfleotropus, 273. 
Paradoxechinus, 101. 
Paralampas, 184. 
Pcvrapygus, 183, 305. 
Parasaienia, 119, 120. 
Paras ter, 235. 

Pediiva, 72. 

Pedininse, 59, 72. 
Pedinopsis, 68. 
Pelanecliinixise, 41. 
Pelanechinus, 41. 

Pel tastes, 45. 

Pcriaster, 233, 234. 
Pericosmus, 232. 
Perionaster, 229. 
Peripnemtes, 255. 
Pcrisehocularis , 10. 
Perisehodomus, 10. 
Perisekoechmoida, 8. 
Pcrouella, 156. 

Peronia, 82. 

PeUdader, 200. 
Pliolidoeiclaris, 18. 
Phonnosoma, 42, 310. 
Phyllacantkus, 28, 32. 
Phyllobrissus, 187. 
Pliylloclypeus, 192, 194. 
Phym echinus, 69, 
Phymosoma, 86 . 

Pilous, 186. 
Placodiadema, 64. 
Plagionotus, 248. 
Platybrissus, 222. 
Plesiantkus, 154. 
Plesiaster, 294, 305. 
Plesiocidaroida, 19. 
Plesiodiadema , 56, 64. 


Plesiolampas, 193. 
Plesiospatangidse, 199. 
Pleurecbinus, 107. 
Pleurodiadema, 66. 
Ptiolampas , 294, 305. 
Plistopliyma, 71, 

Podocidaris, 96. 

Polycidaris, 34. 

Polycypkus, 79. 

Polyporirue, 121. 

Porocidaris, 32. 

Poropeltis , 46. 

Pourtalesia, 234. 
Pourtalesiidai, 279. 

Prenaster, 235. 

Prionecliinus, 134. 
Progoneekinua, 84. 
Protoechinus, 18. 
Prymnadetes, 217, 224. 
Prymnodesmia, 217, 239, 273. 
Psamnieckinus, 127. 
Pseudasterostoma, 203. 
Psmdholaster, 294, 805. 
Pseudoboletia, 123. 

Pseud ocidaris, 51. 
Pseudodesorella, 190. 
Pscudodiadema, 57, 60, 61. 
Pseudopedina, 72. 
Pseudopygaulus, 200. 
Pseitdoscilenia, 46. 

Pygaster, 137. 

Pygastrides, 138. 

Pygaulus, 171. 

Pygopisies, 294, 305. 
Pygorhynchus, 182. 

Pygurus, 189. 

Pyrina, 172. 

Eachiosmm,, 294, 305. 
Badiocyptms, 305. 
Bkabdocidaris, 27, 81. 
Bhinobrissus, 240, 258. 
Bkoechinus, 14. 
Bhynehopygus, 182. 

Botula, 163. 

Eotuluidea, 148. 
liitmphia, lot5. 

Buna, 147. 

Salenia, 47. 

Saleuiicke, 45. 

Salmacis, 109. 

Salmaeopsis, 110. 
fSursclfa, 263. 

Savignia, 78. 

Sckizaster, 234. 

Sckleiniteia, 27, 33. 

SeuteUa, 158. 

Scutellidce, 157. 

Scutellina, 145. 
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Siamondia, 145. 
Spafcangidse, 210. 
Spatagocystis, 280. 
Spatangoida, 25, 160. 
Spatangoidoa, 25, 205. 
Spfttaiigomorplia, 248, 
Spatanguy, 251. 
Spliaarocliinus, 122. 
Sfegasfer, 200, 210. 
Stononia, 216. 
Stephanocidaris, 27. 
Storcosomala, 25. 
Stigumtopygus, 182. 
Sfcirechimis, 128. 
Stomaporus, 255, 250. 
Stomeehimis, 74. 
Stomopneustes, 119. 
Stroptoaomata, 25, 40. 
Strongyl< iccii (to Mis, 12!. 
Studeria, 185. 

Temneol linns, 108. 
Temnocidavis, 33. 

Tom ii< )plevu’i.cla% 90. 
Tcmiiopleimmc, 97, 106. 
Teirm opleurtia, 106. 
Tefci'aeidaris, 35. 
Tctragramna , 00. 
Thcgaster , 294, 305. 


Tbyleehinus, 89. 

Tiarecliinus, 19. 

Tiarifi, 49. 

To vaster, 219. 

Tovohrlssus, 248. 

Tox ocularis, 121. 
Toxopneustes, 121, 130, 131. 
Trachyaster , 228, 229. 
Trachypatagus, 255. 
Tmmtopygus , 175. 
Tricliodiadcma, 61. 
Trigonocidaris, 105. 
Tripneustcs, 132. 

Tripylus, 220, 227, 229, 231. 
Trochcdia , 181. 

Troseholia, 244, 

Tube raster, 222, 200, 203. 
Typhlcchhms, 13. 

(Jroohiniuco, 211, 

Urochimis, 212. 

Verhcclcict, 248. 

Xanthohrmns , 245. 
Xenocidaris, 293. 

Zeuglopleurus, 103, 


ADDENDA ET CORRIGENDA. 

PiroRMOSOMA, p. 42. Prof. Jeffrey Bell lias shown (Aim. & 
Mag. Nat. Hist. .1889, ser. 6, vol. iv. p. 486), during the printing 
of this Revision, that in Fhormomna placenta, Wjv. Thoms., the 
internal branehifo, or a Stewart’s organs,” may he present in a 
rudimentary or vestigial condition. He ohservoH that the organs 
are not to bo traced in P. hurmrimi and P, (envoi but ho docs 
not lay much stress upon this, as the specimens, unlike those of 
Fhormosoma placenta, had been for many years in spirit, The 
longitudinal internal muscles, so well described by I):rs» Sarasin in 
Asthenomm, are absent in Fhormosoma . It is difficult to make 
out whether the indications of the presence of the organs, in 
the drawing given by A. Agassiz of P. tenve, 4 Challenger ’ 
Report, pL xiv. fig. 2, are really not intestinal This appears to 
be the case in pi. xii. fig.‘ 2, 
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It is necessary, thanks to Prof. Bell’s work, to make the fol¬ 
lowing corrections:— 

.'Phormosoma , p. 42, should he in a new subfamily of Echino- 
thuridse. 

Therefore:— 

P. 40, 5 lines from bottom, after “ a series of longitudinal 
muscles 55 add u may exist or not; ” and 6 lines from bottom, after 
u internal very large 55 add “ or ill developed.” 

P. 43,14 lines from bottom, add “ Internal longitudinal muscles 
absent; internal branchiae small or rudimentary •” 

P. 44, 20 lines from bottom, add “ Internal branchiae large ; 
internal longitudinal muscles developed 

P. 45,13 lines from top, for “ Cyphosomidm” read “ Oyphoso- 
matidse.” 

P. 207, 20 lines from top, expunge a Syn. Guettaria , Gauthier, 
1887. JSntomaster , Gauthier, 1887.” 

Fassim, for “ Peron ” read “ Peron,” 

M. Y. Gauthier has obligingly sent me bis generic descrip¬ 
tions of Guettaria and J Entomaster, which were not available 
before the last sheet but one of this work was in the press. 

Genus Guettaria, Gauthier, 1887, Assoc. Fran f. pour VAvanc . 
d . Sei. (Toulouse), p. 528. 

This genus is allied to Car diaster, and has a deep narrow 
anterior groove actinally, with a sunken and almost circular 
peristome in it; the tubercles are larger than in Micraster, and 
there is a posterior notch resembling that ol Hemipneustes . 
There are two large pores besides the small tentacular pore in 
each antero-lateral radial plate. 

Cretaceous : Africa, Tunis, and Madagascar. 

The genus Fhitom aster, Gauthier, 1887, op. cit. ph xvi., appears 
to be of subgeneric value, like Fampadaster , Gofct. I place it 
provisionally as a subgenus of Rolaster . 

Cretaceous : Africa, Tunis. 
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Intensive Segregation, or Divergence through Independent 
Transformation. By Rev, Joitf Thomas Ghlick. (Com¬ 
municated by W. Pebcy Sladbf, F.L.S.) 

[Head 19th December, 1889.] 

If a previous paper on u Divergent Evolution through Cumu¬ 
lative Segregation ”* I have emunerated eighteen classes of 
natural causes which produce either Separate or Segregate 
G eneration t, and which, in their combined action, tend to 
produce cumulative Segregation and divergent evolution in every 
part of the organic world. I have there shown, with sufficient 
fulness, that cumulative Segregation always produces cumulative 
divergence or polytypic evolution; but I have not fully shown 
how Separation from the first involves more or less Segregation, 
or how Segregation, that at first divides the species into sections 
with reference to some one endowment, is always tending toward 
intensified Segregation in which the sections present differences 
in regard to an increasing number of endowments. 

After expounding the principles on which these laws of diver¬ 
gence rest, I will give a few examples of divergence, calling at¬ 
tention to the complete correspondence between the facts of 
nature and the principles expounded in this and the previous 
paper. 

Separation always involves more or less Segregation, for no two 
portions of a species possess exactly the same average character . 
When a homogeneous species is divided into two large sections, 

* Journ. Linn. Sot*,., SSool. vol. xx. pp, 189- 274. 

1' Separate Generation, or Separation, in the indiscriminate division of n. 
species into sections that do nob intergonorate, Segregate Generation, or Se¬ 
gregation, is the Independent Generation of different sections of a species when 
the sections are composed of somewhat divergent classes of variations. Segre¬ 
gation differs from Selection in that the latter denotes the exclusion of certain 
kinds from opportunity to propagate, while the former denotes the division of 
those that propagate into classes that are prevented from intergenerating, I 
use intergeucrate rather than interbreed that I may have a term equally appli¬ 
cable to plants and to animals. Independent Generation, or the prevention of 
intergeneration, whether it be through Separation or Segregation, I sometimes 
call Sogeneration. Darwin used Isolation as equivalent to geographical sepa¬ 
ration, while later writers have sometimes used it as equivalent, to Independent 
Generation. Following Darwin, I use it for distribution in different areas, 
especially when barriers intervene. 
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it may be difficult to prove by measurement that there is any 
difference in their average character; but on general principles 
we may assume that, at least in some points, there is a slight 
difference. It is evident that when the separated sections are 
small there is more likely to be diversity in the average character 
of the sections, and that, roughly stated, the probability of 
divergence from this cause will be in direct proportion to the 
variableness of the species, and in inverse proportion to the size 
of the different sections. .When a few stragglers form a small 
colony in an isolated position there is the strongest reason to 
expect that they will not be able to propagate the characters of 
the species in exactly the same proportions in which they are 
produced by the main body of the species, or by any other small 
colony that is propagating independently ; and when the original 
stock has been rendered highly variable by the crossing of some¬ 
what divergent varieties, the degree of difference that will pro¬ 
bably be presented by any two independent colonies will be 
correspondingly increased. We must bear in mind that, while 
specimens possessing an average character in any one respect are 
always abundant, those perfectly representing the average in every 
respect are rarely, if ever, found. Now, is it to be supposed that 
any one, or any small number of these imperfect representatives 
of a species will, if separated from the rest, transmit all the 
characteristics of that species in the exact proportions presented 
by the average character of. the original stock ? 

Mr. Francis Galton has conclusively shown* that in the children 
of parents whose heights deviate from the average of the race to 
which they belong there will be a similar deviation amounting on 
the average to a certain fixed proportion of that presented by 
what he calls the mid parentage. The mid-filial deviation in the 
groups investigated by him was about two thirds of the mid- 
parental deviation. There is therefore a regression in the average 
character of the offspring toward the typical character of the 
group. It must be observed, however, that this law can hold in 
full force only where there is free crossing, otherwise no divergent 
race could ever be formed by any amount of selection and inde¬ 
pendent breeding. 

* See “ Types and their Inheritance,* an address before the Section of 
Anthropology of the British Association in 1S85 ; also ‘ Natural Inheritance,’ 
p. 07. 
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Eight Principles of Monotypco Evolution. 

Let us now consider how this initial Segregation, which is 
always present where migration or geological subsidence produces 
indiscriminate Separation, is enhanced and intensified by -the 
cooperation of other principles, and how forms, segregated through 
possessing different characters in some one respect, come to 
diverge in other respects. For example, when differences of 
colour become the occasion for sexual and social Segregation, how 
does this open the way for divergent transformation in habits of 
feeding and in a thousand other respects ? The principles co¬ 
operating with Independent Generation, in producing this en¬ 
hanced divergence are all causes of simple transformation, or 
monotypic evolution when there is free intergeneration. Diver¬ 
gent breeds of domestic animals have always been produced when 
the different sections of a species in the care of different races of 
men have been prevented from interbreeding, thus securing their 
Independent Transformation during the process of domestication. 
So in nature, when any form of Independent Generation has been 
established, any cause of transformation that may afterwards 
arise will always produce more or less divergent evolution, and 
never that which is in every respect parallel. But we must 
defer the discussion of this subject till we have enumerated the 
more manifest of the principles of monotypic evolution :— 

1. Assimilattonal Transformation , or modification due to defi¬ 
ciency with economy, or redundance with profusion, of growth, 
resulting from different degrees of assimilative power. “ Eco¬ 
nomy of growth. ” is a term already in use, but a term is needed 
that shall include both this and its opposite. 

2. Stimulatmial Transformation , or modification produced by 
changed motions in the fluids of an organism responsive to 
changed molecular influences in the environment. Under tin's 
principle we may place the direct influences of light, heat, elec¬ 
tricity, the dampness of the air or the saltness of the water in, 
which the organism is bathed, the quality of the food, and all 
stimulation from physical and chemical causes, exclusive of those 
resulting in muscular activity or the movement of organs, 

3. Suetudinal Transformation , or modification due to the effects 
of use, disuse, and habitual effort in producing motions, and 'hi 
resisting the strain of gravity and other forces tending to produce 
motion, Suetude is not found in the dictionary, but I venture 
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to use it as including both assuetude, which, is being accustomed 
to, being practised in, habitual use,—and desuetude, which is 
disuse, discontinuance of practice. This principle has been re¬ 
cognized bj most biologists, though it has recently been called in 
question bj Weismann. 

4 Emotional Transformation .—Dr. C. Y. Eiley, of the IN ational 
Museum, Washington, has called attention to the influence of 
parental emotions, especially maternal emotions during the term 
of pregnancy, as a factor in evolution (Address 44 On the Causes 
of Variation,” before the Section of Biology, American Asso¬ 
ciation, August 1888; also in 4 Popular Science Monthly/ vol. 
xxxiv. pp. 811-816). 

5. The cumulative development of adaptations through 44 the 
survival of the fittest ” when the fittest are other than average 
forms. This is the principle of Unbalanced Selection or of Se- 
lectional Transformation . 

6. Transformation produced by the indiscriminate destruction 
of a portion of a species, with the accompanying probability that 
the remaining portion will not possess all the characters possessed 
by the species previous to the elimination. This principle I call 
Unbalanced Elimination , or Eliminational Transformation . 

7. Transformation produced by different degrees of amalga¬ 
mation of the varieties and races which have resulted from previous 
Segregations. In most species there is a constant process of 
amalgamation by which thousands of minor varieties are absorbed; 
but when the process proceeds beyond ordinary limits, and the 
barriers that have divided well-marked races give way, transfor¬ 
mation must follow. This principle I call Diversity of Amalga- 
mation , or Amalgamational Transformation. 

8. The cumulative development of the more fertile of the forms 
that are equally adapted. In other words, transformation pro¬ 
duced by diversity in the relative fertility of varieties that 
are equally adapted to the environment and the constitution of 
the species, or by change in the degrees of fertility possessed 
by the same variety at different times and in different places. 
This principle I call Unbalanced Eecundity, or Eecundal Trans- 
formation. 

Of these principles, all, except the 6th, 7th, and 8th, have been 
more or less discussed by writers on biology, though some of the 
forms of Selection depending on the relations in which the 
members of a species stand to each other have never been 



316 


BTCV. T. OUrJCK oisr 


pointed out, and many writers have failed to observe that natural 
selection often produces fixity of type instead of transformation, 
and that divergence in the hinds of natural selection depends 
on Segregation, and not necessarily on exposure to different 
environments. 

Assimilational, Stitmilational,Suetudinal, and Emotional Trans¬ 
formation belong to a class of principles that have sometimes been 
grouped under the tcrmYariation, while Solect ional,Eliminational, 
Amalgamational, and Eecun dal Transformation maybe classed as 
principles of Unbalanced Propagation* It should, however, be 
carefully noted that Variation usually indicates deviation, from the 
average, an entirely di fie rent factor from those which relate to the 
change of the average itself. It may therefore be well to group 
these first four principles as principles of Involution . The 
principles of Unbalanced Propagation are abundantly established 
as genuine methods of change in the average inheritable characters 
of species, not only by experience derived from the domestication 
of plants and animals, but by observation of similar effects pro¬ 
duced by natural processes. On the other hand, the principles of 
Involution, though very marked in their influence on individual 
character, cannot be easily tested as to their effects on the inherit¬ 
able characters of species. Woismann maintains that acquired 
characters cannot be inherited. If this is so, there can be no 
involution of specific characters, and the only factors in mono- 
typic evolution are the causes whose laws of action are expressed 
in the principles of Unbalanced Propagation. 

I have not mentioned “ Acceleration and Eetardaiion ” as 
principles of transformation, for they seem to be but phases of 
the law of Suetude ; for, as explained by Cope, the former is the 
effect of Use or Effort in the parents, producing in the offspring 
accelerated inheritance, while the latter is due to Disuse or Ces¬ 
sation from Effort, producing in the offspring retarded inheri¬ 
tance *• So also Hyatt’s “law of Concentration ” (or t£ Accele¬ 
ration,” as he often calls it) seems to be a general law of inheri¬ 
tance relating to the transmission of characters originating under 
any and every principle, the effects, whether progressive or retro¬ 
gressive, being inherited at earlier and earlier ages in each suc¬ 
cessive generationt. It is also doubtful whether Correlated 

* * Origin of tlie Fittest/ pp. 203-7, 228. 

f * Proceedings of the American Association,’ vol. xixtl pp. 352**301, 
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Transformation siiould be considered a separate principle, for it 
seems to be simply the inheritance by offspring of characters that 
have for many generations been united in the endowments of at 
least a portion of their ancestry, and the correlation of these 
endowments must have been produced through the action of 
other principles. 

The prevalence of males in times of pressure, with the prevalence 
of females in times of plenty, is regarded by Dr. "W. K. Brooks, 
of Johns Hopkins University, as a characteristic established 
by natural selection, by which the organism acquires variability 
or fixity of type according as either character is most needed; for 
according to his observations the males represent the former, and 
the females the latter element. There can be no doubt that in 
many species the males are more variable than the females, and 
that in some of the same species the proportion of males increases 
with the degree of adversity ; but this does not seem to be suffi- 
cient ground for maintaining that ihe increase in the proportion 
of males will increase the variability of the offspring. Increase 
in the number or amount of the variable element does not neces¬ 
sarily involve increase in the variability of either element, or 
in the offspring of both. I find need of additional factors in order 
to bring these facts into any relation to the increase of variability. 
Granting that the sperm-cell is the source of variation and the 
germ-cell the source of fixity, and that increased tendency to 
variation in the offspring will be secured by an increased range 
of variation in the sperm-cells, it does not follow that increase in 
the relative number of males will increase the range of variation 
in the sperm-cells, and therefore in the offspring. But if conflict 
with the environment and the winnowing process of natural 
selection falls most heavily upon the males, there must he some 
advantage in having their relative numbers increased in times of 
adversity; and if the exposure of parents to hardships increases 
the variability of either male or female offspring, and especially 
if it increases the variability of both, plasticity will be increased. 

Prof. Cope’s “ Doctrine of the Unspecialized ” C Origin of the 
Fittest, 5 pp. 232-5) rests on the fact that the most highly special¬ 
ized types, as well as individuals, are most likely to be exterminated 
by extraordinary changes in the environment; and Mr. Hyatt s 
“ Geratology ” ( £ Proceedings of the American Association, vol. 
xxxii. pp. 849, 360) teaches that types that are being slowly ex¬ 
terminated usually assume forms resembling those produced by 
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old ago and disease in tlio individual. These and other parallel 
laws in the growth and decay of types and individuals are of 
great interest, as they afford organic conditions under which the 
principles of transformation must act. 

After considering certain general propositions that apply 
equally to all" of the eight principles above enumerated, I shall 
consider more particularly what the effect of some of these prin¬ 
ciples is when cooperating with Independent Generation. The 
only principles I shall treat in this special way are the four 
principles of Unbalanced Propagation. 

The Transformation of freely Intergenerating Organisms 
never Divergent. 

I mention these eight principles of transformation, not with 
the purpose of entering upon a full discussion of the same, but 
simply to point out the relation in which they all stand to diver¬ 
gent, or polytypic, evolution. It is evident that whether acting 
separately or together, they can never be the cause of divergent 
evolution in organisms that are freely intergenerating; for in 
such a group of organisms whatever modifies one part of the 
group in characters that are inheritable will ere many generations 
modify the whole. If the group is exposed to a variety of inhar¬ 
monious conditions, which with Independent Generation would 
produce divergent character, with free Intergeneration the only 
result will be variation. Without Segregation there can be no 
permanent divergence; and with Segregation there must be di¬ 
vergence; and with cumulative Segregation there must be cumu¬ 
lative divergence. This principle, which I call Divergence through 
Segregation , was the subject of my previous paper. 

Independent Transformation never Parallel, rut 
always Divergent. 

If any species is divided into two or more sections that do not 
intergenerate and that are severally subject to highly complex 
transforming influences, it can only be by a series of coincidences 
which the reason refuses to receive as in the slightest degree 
probable that any two sections will be modified in exactly the 
same way. This high degree of probability, amounting to a 
certainty, that when causes of transformation cooperate with 
causes producing Separation or Segregation,’ the result in sue- 
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eessive generations will be increasing degrees of Segregation and 
of divergence, is what I call the law of Intensive Segregation. The 
different forms of this principle, resting on the certainty that the 
cooperation of any one of the principles of transformation with any 
one of the principles of independent generation will produce 
increasing Segregation with increasing divergence; are the fol¬ 
lowing :— 

1* -Assimilational Intension , or Segregation and Divergence 
through Independent Assimilation* 

2. Stimulational Intension , or Segregation and Divergence 
through Independent Stimulation. 

3. Suetudinal Intension , or Segregation and Divergence through 
Independent Suetude. 

4. JEmotional Intension , or Segregation and Divergence through 
Independent Emotional Transformation. 

5. Selectionai Intension , or Segregation and Divergence through 
Independent Selection. 

6. JEliminational Intension , or Segregation and Divergence 
through Independent and indiscriminate Elimination. 

7. Amalgamational Intension , or Segregation and Divergence 
through Independent Amalgamation. 

8. Fecundal Intension, or Segregation and Divergence through 
Independent Eecundal Transformation, 

In groups that do not intergenerate, divergent forces reveal 
themselves whenever transformation is introduced. If it were 
possible to believe that in any case the effects of Independent 
Selection or of Independent Suetude had been completely 
parallel, it would still be impossible to believe that both of these, 
together with the remaining six principles of transformation, 
would ever so combine as to produce completely parallel effects. 
It is a familiar fact that no two persons are exactly alike; and 
it is probably true that no two groups of any organism are exactly 
alike. Though, we cannot fully explain the fact we accept as a 
certainty the non-equivalence of biological quantities; and con¬ 
sequently we assume with confidence that there cannot be com¬ 
pletely parallel transformation in isolated sections of a species, 
even if all are. surrounded by the same environment. This 
principle is not inconsistent with the production of what Prof. 
Hyatt callsrepresentative or parallel characteristics ” in two or 
more divergent series of forms. What he points out is that, 
under the influence of heredity, similar organisms exposed to 
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similar environments undergo similar transformation (/Anniver¬ 
sary Mem airs of the Boston Society of Natural .History, 11 1880; 
“The Genesis of the Tertiary Species of Ham rim at Stein being” 

pp. 24-20). 

In tlie description of those principles I have used the adjective 
“Independent’ 5 to signify that the principle is operating in 
sections of the species that are prevented from intergenerating. 
If Isolated Selection were used instead of Independent Selection, 
it would be constantly liable to be understood as meaning Selec¬ 
tion acting upon sections produced simply by geographical sepa¬ 
ration ; for Darwin never used Isolation to designate the pre¬ 
vention of free crossing in other ways. In the term “ Independent 
'Variation 55 Mi*. '.Romanes has already used the adjective “ In* 
dependent” as meaning “when accompanied with the prevention 
of intercrossing ; ” and as it is less likely to ho misunderstood, I 
prefer it. Tart of what Romanes indicates by ££ Independent Va¬ 
riation” is, I think, in my scheme distributed between the four 
principles of Assimilational, Eliminafcioual, Amalgamational, and 
Fecundal Transformation when acting on independent groups. 
As these principles are quite distinct, the separate names will be 
a convenience. If there are other forms of transformation, the 
causes of which cannot be given, I would prefer to class them as 
due to unknown causes rather than attribute them to Variation, 
which, as there used, is only a name for unexplained transforma¬ 
tion. I would not turn Variation from its usual meaning, which 
is deviation from the average character of an intergenerating 
group. 

The Pervasive Influence of the Causes of Transformation, 
and the Law of Intension. 

In my paper on “Divergent Evolution through Oumnlalivo 
Segregation,” p. 215, I made the statement that, “ When Sepa¬ 
rate Generation is long continued, we have reason io believe, it 
always passes into Segregate Generation with divergent evo¬ 
lution. 55 The same had been expressed in a previous paper by 
the statement that “Variation is so strong, that all that is neces¬ 
sary to secure a divergence of types is to prevent their inter¬ 
mingling The certainty that Independent Generation with 
transformation will never produce parallel, but always more or 

* “ Diversity of Evolution under one Set of External Conditions/ 1 Jouru, 
Linn. See,, ZooL vol. xi. p. 490. 
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less divergent evolution is the law of Intensive Segregation already 
referred to ; but in addition to this certainty there is a very 
strong probability that where' Independent Generation is long 
continued, transformation of some kind will supervene. If there 
are any species in which the power of cumulative variation has 
been entirely lost, this latter law cannot hold in their case; hat 
it is doubtful whether among species that reproduce sexually 
there are many such. The variability of some species is so small, 
and tbe conditions of the environment are so constant, that com¬ 
paratively long periods of Independent Generation pass before 
perceptible transformation arises. This seems to be the case 
with the 13- and 17 -year races of Cicada sepfemdecim , to which 1 
shall refer when giving examples from nature. 'From the high 
probability that long-continued Independent Generation will be 
followed by Independent Transformation, and the certainty that 
Independent Transformation will be divergent, there follows the 
corollary that long-continued Independent Generation will pro¬ 
bably be attended by divergence. In other words, Independent 
Generation long continued is almost always attended by Inde¬ 
pendent Transformation ; and Independent Transformation in¬ 
evitably produces Divergence. This double principle 1 call the 
law of Intension. This law rests on the ubiquity of transforming 
influence, and on the impossibility that in a species possessing any 
plasticity the inherited effects in any section independently 
generating should be exactly the-same as in any other section. 

We cannot doubt that, when a diversity of powers and sus¬ 
ceptibilities in tbe different sections is acted upon by a great 
variety of influences, tbe responses of the different sections will 
be unlike; and the result will be increasing segregation and 
increasing divergence. Now it is impossible to doubt that in 
species propagating sexually, and possessing some degree of plas¬ 
ticity, these are exactly the conditions whenever the species is 
divided into sections that do not intergeuerate. 

It should be observed that, in accordance with the principle of 
Intension, not only is indiscriminate Separate Generation when 
long continued transformed into more and more strongly Segre¬ 
gate Generation, but any form of Segregate Generation, resting 
on some one. principle that causes the division of the species into 
sections differing in regard to some one form of endowment, 
will, if long continued, be inevitably reinforced and intensified by 
transformations, which, being independently combined and trans- 
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rnitted, will multiply the number of characteristics in regard to 
which divergence takes place. If, for example, the pollen of a 
given variety, when 'falling upon the stigma of the same variety 
or race, is impotent over the pollen of any other variety or race 
that falls upon the same stigma at the same time, or at a some¬ 
what earlier time, what I call Prepotential Segregation will divide 
the species into two groups that are prevented, for the most part, 
from intergenerating; and these separate groups, gradually 
coming under the influence of different degrees, forms, and com¬ 
binations of the transforming principles, will in time become 
strongly characterized species. It is not, however, necessary 
that all or any of these forms of transformation should cooperate 
with Segregation in order to produce a distinct species. The 
.accumulated effects of Segregation, unaided by these principles 
of transformation, would be sufficient to produce well-defined 
species; hut it is impossible that they should often remain 
unaided. 

As the law of Intension is one of the most general of the laws 
relating to divergent evolution, it is not strange that the prin¬ 
ciples through which it is made evident are of a general nature. 
The marvel is that concerning so wide a law the evidence is so 
complete. 

Utilitarian and Non-TJtilitarian Divergence. 

The principles of Suetude and Selection are directly related to 
the development of utilitarian characters; but the effects of the 
other six principles are often not only wanting in, but opposed 
to, utility. Assimilafcional Transformation includes redundance of 
growth, which is not always, as well as economy of growth, which 
is always, utilitarian. Some of the inherited effects of Stimula¬ 
tion and Emotion fortify the constitution against the destructive 
influences of the environment, while others leave the offspring 
more exposed than the parent. Unbalanced Elimination, Amal¬ 
gamation, and Fecundity may be advantageous, useless, or dis¬ 
advantageous. We have, therefore, in these six principles of 
transformation abundant cause for the introduction of non- 
utilitarian characters ; and, when accompanied by Independent 
Generation, they must be the source of multitudes of non-utili¬ 
tarian divergences. In the earlier stages of divergent evolution 
the non-utilitarian distinctions are more abundant; for in the 
later stages multitudes of them are weeded out by economy of 
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growth (as has .been clearly pointed out by Mr. Eomanes^'); ai M 
still others, through coming under new conditions in the envi¬ 
ronment or through some new habit of intelligence, become useful 
endowments, and are brought under the preserving and accumu¬ 
lating influence of Natural Selection or of Suetude. It should, 
however, be noted that the development of useful specific differ¬ 
ences is as much due to Independent Generation as is the de¬ 
velopment of useless specific differences. Diversity of Suetude 
or of Selection does not produce divergent evolution unless 
it cooperates with Independent Generation. 

Seeectional Intension, 

or Segregation and Divergence produced hg Independent 
Selection . 

That we may gain a clear apprehension of the nature and 
influence of this principle, certain discriminations, which have not 
always been recognized by writers on the subject, are absolutely 
necessary ; and, for the sake of avoiding misunderstandings, it is 
desirable that these distinctions should be represented by clearly 
defined terms. I am fully aware that many will be opposed to 
the introduction of new terms into the treatment of a subject 
that has been so long and so ably discussed. If these discrimi¬ 
nations were not found necessary by the author of the £ Origin of 
Species,’ or if the distinctions, so far as recognized by himself 
and others, have been expressed in the language of ordinary de¬ 
scription, why should a more accurate terminology be needed 
how ? In reply, it may be said that 'the freedom from technical 
language which is a great advantage in a work which for the first 
time calls attention of the world to a vast subject, is a serious 
defect when the exact relations of the subject come under 
discussion. 

In order to secure clear thinking on the subject, I have found 
it necessary to keep the following distinctions constantly in 
mind;— 

(1) The Selection that results in the transformation of species 
is not the selection of one species to the exclusion of another. 
The breeding of the horse to the exclusion of the ass modifies 
neither the one nor the other. It is the exclusive generation of 
certain variations of a single intergenerating group that gradually 

* Physiological Selection,” Jo urn. Linn. Soc., Zool. vol. sis. p. 888. 
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transforms the group. When., therefore, we speak of Selection 
as a cause of transformation, we refer to the Selection of the 
variations that are to interbreed and keep up the race, to 
the exclusion of other variations. In order to maintain the 
same distinction in the nomenclature of natural processes, whatl 
call Selection is caused by the failure of certain forms of a species 
to perpetuate their kind as contrasted with the success of other 
forms. If the failure includes all the forms of a species, I call it 
the Extinction of that species, (and class it as a cause of trans¬ 
formation in the remaining species only so far as it makes a change 
in their environment, 

(2) The exclusive generation of certain forms of an inter¬ 
generating group does not necessarily result in transformation. 
Experiments in artificial breeding show that if wo select, only the 
typical representatives of a race, the general character of the 
race is not changed, though any tendency to fluctuating variation 
may be gradually diminished, and the stability of the type in¬ 
creased. When, however, one form of deviation from the mean 
is constantly selected without a counterbalancing selection of the 
opposite deviation, the transformation of the race is always the 
result. In other words, 'Balanced Selection produces Stability of 
Type, and Unbalanced Selection produces Transformation of 
Type . 

In the light of this twofold law we see how there may be 
si ringent Natural Selection without transforming effect. It has 
sometimes been maintained that the transformation of species 
through the Natural Selection of favoured races is a necessary 
process which must be operating in nearly every species; for in. 
nearly every species there is a constant struggle between the 
different forms of variation ; and as it never happens that all the 
forms are equally successful, the process of Natural Selection is 
always bearing in full force upon the species, J fit could be 
shown that Natural Selection, wherever it exists, must neces¬ 
sarily produce transformation, it would be impossible to resist 
the conclusion that nearly every species is undergoing transfor¬ 
mation through this cause. But it is Unbalanced, and never 
Balanced, Selection that produces transformation. We also see 
that heredity tends to make the most successful form the average 
form, and thus to convert Unbalanced into Balanced Selection. 
From this it follows that in order that Selection should pro- 
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duce continuous transformation, it is necessary that the form 
of variation selected should from time to time be changed. This 
may be expressed as the law o£ Continuous Transformation 
through Successive Changes in the Character of the Selection . 

Though Selection produces transformation only when it in¬ 
volves the survival of other than typical forms, it is still very pos¬ 
sible that there are but few species in which completely Balanced 
Selection prevails for very many generations in succession. It is 
still certain that long-continued Independent Selection gradually 
passes into diversity of Selection producing divergent evolution. 

(8) Though in more than one passage Darwin maintains that 
uniformity of external conditions involves uniformity of Natural 
Selection, and that isolation can have no effect in transforming a 
species if physical conditions and surrounding organisms remain 
the same, still, I think, that if the question had been distinctly 
brought before him, he would have admitted that exposure to a 
new or changed environment was not a necessary condition for 
change in the character of Sexual Selection. Now I think it can 
be shown that, besides Sexual Selection, there are several forms 
of Selection that depend upon the relations of the members of 
one species to each other, and that may undergo change without 
the organism being exposed to cither a changed or a different 
environment. 

Selection depending on the relations of the organism to the 
environment I call Rhivironal Selection , of which I find two 
kinds, namely:—Natural Selection and Artificial Selection. Selec¬ 
tion depending on the relations of the members of a species to 
each other I call Reflexive Selection , the chief forms of which I 
call Conjunctional, Dominational, and Institutional Selection. 

(4)* It must be carefully noted that Diversity of Selection 
depending on diversity in the relations of the organism to the 
environment, does not necessarily involve the exposure of the 
organism to different environments. In other words, change 
even in Environal Selection does not necessarily involve either 
change in the environment or the entrance of the species into a 
new environment. It may be due to a cbauge in the methods of 
appropriating the resources of the environment, introduced by 
the organism without any change in the environment. Darwin’s 
teaching seems, at times, to be in conflict with this statement, 
but there are passages in his writings which distinctly state that 
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variations in instinct may lead to different habits of sustentation, 
and it is evident that, as soon as the qualities that win success 
in the different sections differ, the Natural Selection must 
differ. 

It should be remembered, however, that the meaning of 
anyone's statements on this subject will depend on his definitions 
of the words used. What is meant by environment, external 
conditions, and other similar terms? Until we define we shall 
only beat the air, however exact our statements may be. I 
therefore repeat what I have elsewhere stated, that, according to 
my definition, change in the environment is always change in 
activities that lie outside of the species, or of the segregated 
group of individuals that is under consideration. In Darwin’s 
usage, the phrase <c Change in external conditions 99 seems to 
carry the same meaning; but in some places this can hardly be 
the case, and accordingly great obscurity hangs over some of his 
statements on the most important subjects. 

Diversity in the uses to which different sections of one species 
put their powers, when appropriating resources from the same 
environment, must produce diversity in the forms of variation 
that are most successful in the different sections. This I call 
Active Natural Selection as contrasted with Passive Natural 
Selection , which varies according to differences in the environ¬ 
ment. All diversities of Natural Selection that do not vary 
according to differences in the environment must be classed as 
diversities of Active Natural Selection, for they must have 
originated in some variation in the powers of the organism, or in 
the diversity of uses to which it has put its powers. Diversity 
in the successful use of the powers of the species, whether ini¬ 
tiated by diversity in the action of the species in its different 
sections, or by diversity in the activities of the different environ¬ 
ments, necessarily introduces diversity of Natural Selection, 
This principle may be expressed as the Dependence of Diversity 
of Adaptation al Selection on Diversity of Successful 'Use, 

(5) Now diversity in the successful use of its powers in the 
different sections of a species cannot be maintained and accumu¬ 
lated without some degree of Segregation between the different 
sections, for within one intergenerating group every initial 
divergence is speedily merged in the general character of the 
group* This law may be briefly defined as the Dependence of 
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Increasing Difference in the hinds of Adaptational Selection on 
the Continuance of Regeneration. As was shown in my paper on 
u .Divergent Evolution through Cumulative Segregation,” without 
the aid of causes preventing intercrossing the selection of other 
than average forms will produce transformation , but never diver¬ 
gence ,—will produce Monotypic, but never Polytypic Evolution. 

(6) Diversity in the character of the Selection may be intro¬ 
duced, not only by the intervention of new forms, but also by 
the cessation of old forms of Selection. We shall find that 
important differences of this kind may arise, resulting in con¬ 
siderable transformation before any new form of Selection has 
distinctly supervened. A good illustration of the Cessation of 
Selection is found in the increasing frequency with which human 
mothers, notwithstanding their failure to give suck, succeed in 
raising their children. The power to give suck is through this 
process being diminished in the more civilized races, though 
there is no reason to believe that those who do not give suck 
have, on the whole, any advantage over those who do. The new 
result is therefore being produced, not by the introduction of a 
new form of Eilio-parental Selection, but by the cessation, or the 
weakening, of an old form, llo manes was, I believe, the first to 
point out the effects that must often he produced by the 
cessation of Natural Selection % hut he has not considered the 
cessation of other forms of Selection. 

(7) It is often convenient to distinguish between Selection 
resulting from rational devices and that resulting from the 
superior success of organisms better adapted than their rivals of 
the same intorgenerant to the natural laws and conditions of the 
environment, or to the natural constitution of the species to 
which they belong. The former I call national Selection , and 
the latter Adaptational Selection . Under the former I place 
Artificial and Institutional Selection, and under the latter I 
place processes that are as unlike as Natural and Sexual 
Selection, This classification does not, however, seem to me so 
important, or so fundamental and clearly definable, as that which 

* See an article on “The Factors oi‘ Organic Evolution” in ‘Mature, 
voL xxxvi. pp. 402-404, in which reference is made to previous papers in which 
the Cessation of Natural Selection is discussed. 
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rests on the fact that some forms of Selection depend on the re¬ 
lations in which organisms stand to the environment, while others 
depend on the relations in which the members of the same 
species stand to each other. It may here be noted that Arti¬ 
ficial Selection is the exclusive generation of those that are better 
fitted to the rational environment, through the failure to 
propagate of those that are less fitted. The effect is the same 
whether the failure to propagate is through lack of adaptation 
to human purposes, or through lack of adaptation to the 
unreasoning environment. Natural Selection is propagation 
according to adaptation to the Natural environment, and Arti¬ 
ficial Selection is propagation according to adaptation to the 
Rational environment. 

(8) Another discrimination which 1 have found it convenient 
to make, is that between Comparative and Superlative Selection, 
Comparative Natural Selection is the direct result of varying 
degrees of adaptation to the environment, without the additional 
influence of rivalry between the members of the same species. 
It is propagation of the fitted, according to the degrees of their 
fitness, controlling the expansion of a species before its members 
crowd and supplant one another. Superlative Natural Selection 
arises from the competition of members of the same species for 
the possession of identical resources, and results in the survival 
of those only that arc most perfectly fitted to the environment. 
Comparative Selection is the Survival of the Pitted—of all the 
fitted, according to their degrees of fitness; Superlative Selection 
is the Survival of the Nil test—of only those who through, super¬ 
lative fitness can, in a crowded community, find the sustenance 
and other conditions necessary for perpetuating their kind. 

The following classification (p. 829) of the forms of St*led ion 
will, I think, bo a help in maintaining these and oilier dis¬ 
tinctions. 
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Susteiitational Domination. 
Protections! Domination. 
Nidificalioiial Domination. 
Nuptial Domination, 


Natural Selection .—As Natural Selection involves not only 
the superior propagation of the better fitted, but the inferior 
propagation of the less fitted, and the non-propagation of the 
least fitted, it may be described as the Exclusive propagation of 
those letter fitted to the natural environment , through the 
failure to propagate of the less fitted. Transformation by means 
of Natural Selection depends on varying degrees of adaptation 
to tlie environment in creatures that are intergenerating, the 
higher degrees being possessed by other than average forms. 
Divergence is produced by Natural Selection only when to the 
above conditions producing transformation are added causes that 
prevent intercrossing between the sections that arc being iude- 
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pendent] y transformed. In otlicr words, Independent Natural 
Selection 'produces Divergence . 

Sexual Selection is the exclusive propagation of those better 
fitted to the sexual constitution of the species through the 
failure to propagate of the loss fitted. Ill the words of Darwin, 
“ It depends on the advantage which certain individuals have 
over others of the same sex and species solely in respect of 
reproduction.”* It is the form of Kefloxivc Selection which has 
received Darwin’s attention, and is consequently familiar to all. 
There are, however, certain points that need to he empha¬ 
sized. 

This is the principle in accordance with which correspondence 
is secured between the external characteristics and the sexual 
instincts of a species, and also between the instincts of the two 
sexes, in. as far as they relate to reproduction. This result is 
secured partly by the failure to propagate of those whose powers 
of attraction and conquest do not reach the standard demanded 
by the instincts of the other sex, and partly by the failure of 
those whose instincts diverge too widely from the typical charac¬ 
teristics of the other sex. For example, on the highlands of 
North China I have observed a species of creeping cricket of the 
genus BradgphoruSf the male of which calls the female by a sharp 
stridulation, to which the female responds by approaching the 
male and finally climbing upon his back. Now wo can well 
understand that the call of the male has been brought to its 
■present shrill, penetrating perfection through the failure to attract 
mates in the case of males that were but feebly endowed; but it 
is equally certain that those females whose sluggish instincts 
have been capable of responding only to an unusually intense 
call have, for the most part, failed of leaving oilspring, and, if 
any have been so unreasonable as to wait for the male to seek 
them out, they have, doubtless, perished without perpetuating 
their perverted instincts. If my view is correct, the change 
producing divergent sexual characteristics may he either in the 
instinct, or in the characters with which the instinct is correlated. 
It seems probable that in the vast majority of cases the more 
strongly divergent forms have been reached by a multitude of 
deviations alternating between the psychical and the physiolc- 

* ‘ Descent of Man/ tfrd page of Chap. VIII. 
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gical and morphological characters of the species, the chief, in¬ 
dispensable condition being the prevention of interbreeding 
between the diverging sections of the species. 

Sexual Selection is sometimes referred to as if it were the 
influence of sexual instincts in giving character to the organs of 
a given sex, first by the instincts of the same sex rousing the 
organs to successful activity in securing propagation, the degree 
of success depending on the degree of adaptation of the organ to 
the purpose of the activity (as in the case of barnyard cocks 
winning partners by the use of their spurs), and, second, by the 
instincts of the opposite sex being roused to successful action 
according as the endowments of the given sex are fitted to the 
end (as in the case of peacocks winning partners by the display 
of ornamentation). Starting, however, with this conception of 
the nature of Sexual Selection, we shall find great difficulty in 
obtaining from the principle any explanation of the origin of 
species, or of divergent evolution of any kind. If divergent 
instincts arc the causes of divergent forms, colours, and qualities, 
what are the causes of the transformation of the instincts in 
lines that are persistently divergent? The problems of trans¬ 
formation and divergence are as for from solution after the 
application of the theory as before. 

If, on the other hand, we recognize Sexual Selection as the 
harmonizing of the forms, colours, and qualities of a species with 
its sexual instincts, and of the sexual instincts with its forms, 
colours, and qualities, we shall not claim that either set of cha¬ 
racters is directly and continuously the cause of transformation 
in the other; but rather that the two sets play upon each other 
in such a way as to produce a state of unstable equilibrium in 
both sets, the result of which is indefinite transformation in the 
secondary sexual characters of each section of a species that 
constitutes a separate fntergenerant; and that the Independent 
Transformation inevitably results in Divergence. In Darwin’s 
presentation of the principle of Sexual Selection, the chief 
endeavour is to show 7 that differences in voice and ornamentation 
between the males and females of the same species are probably, 
in a large degree, due to diversity in the action of Sexual 
Selection upon the different sexes; but this is a very different 
result from differences in the same respects between those of the 
same sex in closely allied varieties and species; and no clear 
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understanding of the subject will over be reached till those who 
Mindy and discuss the subject discriminate between Uu^kc two 
classes of phenomena. The formation of differences of the 
former kind is simple iransformillion without divergence, while 
the entrance of differences of the hitter kind is divergent evolu¬ 
tion tending to the production of separate species. 

If a species deficient in secondary sexual distinctions, after 
being' divided into segregated sections, attains a, high develop¬ 
ment of such distinctions, it is easy to believe that theywill be 
developed in different ways in the different sections, and Hint 
thus they will become specific distinctions; but it is not so easy 
to see why a species in which sexual distinctions have already 
been fully developed should undergo divergent changes in the 
different sections into which it maybe divided. 3t is in such 
cases that wo discover the important influence of what X have 
called unstable equilibrium. It seems probable that in some 
cases small differences originating through indefinite variation 
in only a few isolated individuals are seized upon by the exagge¬ 
rating fancies of the other sex, and arc thus first preserved 
through isolation and then exaggerated by Sexual Selection. In 
other words, Independent Seamed Selection produces Segregation 
and Divergence. 

So vied Selection is the exclusive breeding of those better fitted 
to the social constitution and instincts of the race through the 
failure to breed of those less fitted. Social organization has 
reference chiefly to co-operation in securing sustentation and 
defence. If for each species there were but one possible form of 
social organization through which sustentation could be secured, 
there would be no need of considering Social Selection, for the 
form of social organization would be rigorously determined by 
Natural Selection, and the success of tho individual, through 
conformity to that organization would lie sufficiently explained 
by tho principle of Natural Selection. .But different forms of 
social organization arc often exhibited by the same or closely 
allied species ; and we find that, in such cases as elsewhere, the 
prosperity of the individual is largely dependent on his con¬ 
formity to the social organization to which he belongs. Social 
Selection must, therefore, in some cases have been an important 
factor in maintaining a correspondence between the capacities 
and the social organization of a race or species, When a species 
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or a section of a species is undergoing a change of social habits, 
there will be individuals that fail through reverting to the old - 
instincts and methods which put them out of accord with the rest 
of the community. But through the failure of these the inherited 
instincts of the race are brought iuto increasing accord with the 
new habits till, in the case of most species, there are but few 
individuals that fail through lack of appropriate social instincts. 
Nevertheless in the branches of the human species that have 
attained the highest civilization the process is still far from 
complete, for the instincts of many individuals are in conflict with 
civilized habits. 

Wq find that the natural faculties that are best fitted to secure 
individual success, and a numerous and long-continued descent, 
are different under different forms of civilization. Social habits 
in a great measure determine the food and clothing, of a commu¬ 
nity, and thus deeply affect the qualities of the race. The 
exposure to which the young are subjected is also largely deter¬ 
mined by social custom, and so the quality of the constitution 
that is permitted to survive. In other words, the form of 
Parental Selection that prevails in any community is often 
determined by Social Selection, as the form of Social Selection is 
sometimes determined by Natural Selection. Many matters, 
which amongst irrational animals are determined by instincts 
guiding the individual directly to the needed resources and 
showing what provision must be made, are with man determined 
by social instincts leading the individual to follow the general 
experience or traditional habits of his elan. 

As in countries where there are no beasts of prey the gre¬ 
garious instinct of cattle ceased to ho a necessity for the preser¬ 
vation of life, it is no longer maintained by Natural Selection, 
but it may be preserved by Social Selection; for though occa¬ 
sional stragglers appear, they are, through lack of adaptation to 
the social organization, specially liable to fail of finding mates, 
and therefore to fail of propagating their kind. Between the 
capacities of a community and its social organization there is a 
constant action and reaction which tends with more or less 
rapidity toward transformation; and this tendency is increased 
when a small community, during a long separation from other 
communities, gradually increases in- strength, independently con¬ 
structing a civilization of its own. In other words, Independent 
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Social Selection tenth toward divergent evolution of capacities 
and of social organization. 

Filio-parenlttlSelection, is the exclusive breeding of those belter 
adapt ed to the relations in which parents and oifspring stand to 
each other, through the failure to. live and propagate of those loss 
adapted. How the power of giving suck and the corresponding 
instinct for sucking were first developed it, maybe impossible to 
tell; but it is evident that having once been established as the 
method of sustentation for the young of mammals, any young lack¬ 
ing the instinct would perish without leaving descent. There is 
every reason to believe that-, with the exception of man, it may be 
truly said of every individual mammal that all its ancestry, through 
all its generations that have edapsed since they became fairly mam¬ 
malian, have had this instinct in full force; and yet it sometimes 
fni Is, and the line of descent is cut short. Till comparatively recent; 
times the same was true of man; but; we now find some canes in 
which the young survive in spite of their inability to suck, and 
the constancy of this mammalian characteristic is being gradually 
impaired. There is also in some races an increasing tendency to 
shorter periods of lactation, or to the entire suppression of the 
function; so that it seems not; improbable that there may yet 
arise a variety of the human species in which the power w ill be 
comparatively obsolete. Under such conditions the instinct for 
sucking would cease to be of any advantage, while special advan¬ 
tage would accrue to those best able to thrive on t he artificial food 
habitually provided by the parents. In some countries this 
would be the milk of ruminating animals, while in ot her countries 
it would bo som( i vegetable preparation. In the islands of 
Micronesia it is the sap that ex mins from t lie rut end of the im¬ 
mature fruit-stalk of the cocoa-nut tree. In Japan if is a, sweet 
extract ofmmlt. Tim,nigh this diversity in the food provided by 
parents for their infants and small eliildfen, there is even now a 
constant; diversity in the Parental Selection prevailing in dillerent 
count ries. Diversity in the forms of Parental Meet ion is also 
produced by diversity in the clothing and artificial head provided 
by parents, in the protection, on the one hand, of children from 
the wind and rain and direct rays of the sun, and, on the other 
hand, their exposure to the same with shaven heads or naked 
bodies, and in the methods of binding, cramping, and muti¬ 
lating the bead, feet, waist, and other parts of the body. .Prom 
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this point of view we see how largely the form of Parental Selec¬ 
tion is determined by social custom, and how it is sometimes 
enforced by Social Selection, which excludes from the benefits of 
the caste or tribe all who have not been through the ordeal. 

As Filio-parental Selection is due to different degrees of adap¬ 
tation between the parent and offspring, it may be characterized 
not only by fatal departures in offspring from the characters 
required in their relations to their parents, hut by fatal depar¬ 
tures in parents from the characters required in parents in their 
relations to their offspring. As an example of the former, we 
may refer to the death at birth of children with excessively large 
heads; and as an example of the latter, to the death at birth of 
all the children of a mother with a contracted pelvis. 

Dominational Selection. —Variations that are equally fitted to 
cope with the environment maybe divided into two classes—those 
better able, and those less able, to cope with other members of the 
species in appropriating resources. Increase of population and the 
consequent competition between members of the same species con¬ 
demns the latter to premature death, or at least to failure iu propa¬ 
gating, unless they find new resources by migrating or by changing 
their habits. Competition between kindred for the possession of 
identical resources we find directly connected with three quite dis¬ 
tinct principles of evolution:—(1) With the principle of Superla¬ 
tive Selection tending to the destruction of all forms except those 
most fully adapted to the environment; (2) With the principle 
of Dominational Selection tending to discriminate between those 
equally adapted to the environment, through the success and 
consequent propagation of those only that are best able to cope 
with their kindred in appropriating advantages; (8) With the 
principle of Competitive Disruption , tending to break up old 
relations and old habits, and so preparing-the way for the forma¬ 
tion of new habits producing segregation and divergence. Of 
these three principles, the last was referred to in the second 
chapter of my paper on u Divergent Evolution through Cumu¬ 
lative Segregation,” p. 221, and the first has already been men¬ 
tioned in this paper. The remaining one I shall here briefly 
describe, without attempting to show its important influence on 
the transformation and divergence of species. 

Dominational Selection is the exclusive breeding of those better 
able to appropriate natural resources, or mates, or the provision 
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made by parents or society, not through being better fitted to the 
environment or to the organized methods of co-operation and 
assistance, but through being better able to overcome or outdo 
their rivals of the same species. It results from the contest or 
rivalry with each other of members of the same species that are 
equally fitted to the environment and to the constitution of the 
species, and the consequent failure of all that are not able to 
cope with their kindred. “The law of battle” is a form of 
Bonn .nation a! Selection which "Darwin emphasizes as having- 
great influence in determining what males shall have the best 
success in procuring mates. But there is a similar law deter¬ 
mining what individuals shall obtain the resources furnished by 
nature, or elaborated by parents and society. We may have 
Doininational Selection relating to sustentatkm, protection, and 
nidification, as well as to the possession of females. And in 
gaining a single end there may bo a great variety of dominating 
methods. Combat between males for the possession of females 
is not found in the vegetable kingdom; but the prepotcnce of 
the pollen of certain flowers over that of other flowers of the 
same race may play a similar role. 

Bo mi national Selection differs from Natural Selection in that 
it does not depend on degrees of adaptation to the environment, 
and from other forms of Reflexive Selection in that it depends on 
a quite distinct form of the relationship in which members of the 
same species stand to each other. It seems desirable that this 
form of selection, which depends on adaptation for overcoming, 
outdoing, or supplanting others of the same species, should bo 
clearly distinguished and named* We further note that there 
can bo no doubt that Dominational Selection acting for many 
generations on sections of a species that are prevented from 
intercrossing will in all probability follow somewhat different 
lines. In other words, Independent Dominational Selection will 
produce divergent evolution , 

Institutional Selection is a form of exclusive breeding closely 
related to Social Selection, but differing from it very much, as 
Artificial Selection differs from Natural Selection. .Institutional 
Selection is the influence of institutions, customs, and laws in 
determining what classes of individuals have an opportunity to 
marry and raise children. In most civilized countries criminals 
convicted of important offences are so confined as to prevent their 
adding to the population of the community during the time of 
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their confinement. This is a method of improving the race that 
might he carried further than it has been. In some countries 
the insane are confined in asylums and not allowed to marry ; 
and in other countries ecclesiastical and military restrictions 
prevent certain portions of the community from raising families. 

Result of the foregoing Survey of Selectional Intension . 

The analysis which wo have now completed enables ns to see 
how far changes in the form of Selection are due to changes in 
the environment, and how far to changes in the organism. ¥e 
find :—First, that all the forms of Reflexive Selection are due to 
the relations of members of the same species to each other, and 
are liable to change without any change in the environments. 
Second, that. Active Natural Selection is due to change in the 
successful use of the powers of the organism in dealing with the 
environment, and is not dependent on change in the environ¬ 
ment. Third, that Passive Natural Selection, which is due to the 
exposure of the organism to a different environment, is often 
produced by the organism’s entering a new environment without 
there being any change in either the new or the old environment. 
Fourth, that when Passive Natural Selection is produced by 
change in the environment, the more effective forms of Selection 
do not appear till the organism has so multiplied as to produce 
what I call Superlative Natural Selection through intense com¬ 
petition between rival individuals of the same species in gaining 
possession of limited resources. And, fifth, that Passive Compa¬ 
rative Natural Selection, which depends on change in the envi¬ 
ronment, without special rivalry between the members of one 
species, also depends on variation in the adaptations of the 
organism, many of which variations do not depend on that change 
in the environment which has produced the change in the Natural 
Selection, nor, indeed, on any change in the environment except 
those fundamental physical changes by which the world has 
passed from its primitive gaseous to its present partially liquid 
and solid state, rendering it a lit abode for organisms. 

Examinational Intension. 

Eliminational Intension is Segregation and divergence pro¬ 
duced by the indiscriminate destruction or failure to propagate 
of part of the individuals of similar sections of a species. Though 
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indiscriminate destruction cannot be classed as a form of Natural 
Selection, it may nevertheless be the cause of transformation; 
and when a species is distributed in sections that are prevented 
from intergene rating, divergent evolution will often ho hastened 
by the indiscriminate destruction of part of the members of one 
or more of the sections. If a species inhabiting a large island is 
divided by geological subsidence into two equal sections, there 
may be a very close resemblance in the average character of the 
two sections ; but if a subsequent eruption of hot ashes destroys 
a large portion of the individuals of one section, or of both, the 
probability of a close correspondence in the average character 
of tli© two sections will he very much less than before the 
eruption, 

Again, when an area occupied by a species is divided into two 
or more equal districts, the occupants of which can have little or 
no opportunity for crossing, divergent evolution will arise in the 
different districts unless there is some constantly operating cause 
that ensures all the varieties that survive and propagate in any 
district shall survive and propagate in all the districts. No such 
cause has ever been pointed out; but, on the contrary, it can 
easily be shown that the probability is very small that such a 
correspondence would occur, even if at the time of the division 
of the area every individual in each district was represented by a 
completely similar individual in each of the other districts. Lot 
us suppose a case;— 

1. Suppose the creatures under consideration to bo a species 
of: mollusk, the sexual instincts of which act without any segre¬ 
gative tendency between the varieties of the same species, there 
being no aversion or other impediment that interferes with the 
free crossing of all the variations occurring within the limits of 
one district. 

2. Suppose that the number of individuals in each district is 

10,000,000, 

8. Suppose that one in a thousand of these had a tongue strong 
enough to feed on the bark of the tree, the leaves of which are 
the ordinary food of the species, and that one in a thousand is 
capable of digesting the same, so that, in each, district alike, one 
in a million could survive in this way though the crop of leaves 
should fail, 

4. Suppose that there are, through diversity of adaptations of 
this kind to the products of the environment, ten different kinds 



tiff TEST SITE SEGUEO-ATION. 


339 


of accessible forms of food, on each kind of which one in a million 
of the individuals of each district might feed if driven by 
necessity. 

5. Now suppose the same necessity should occur in each district 
through the destruction of the leaves on which they habitually 
feed; and that there are accordingly in each district a hundred 
survivors able to maintain themselves on other kinds of food. 

Under such circumstances (the correspondences of which we 
have in our supposition made much more exact than the actual 
deviations from a mean ever present)—-but even under such cir¬ 
cumstances of completely parallel variation—-what is the proba¬ 
bility that in each of the separate districts the few that would 
meet with other individuals and have an opportunity to propa¬ 
gate the species would be similarly endowed and similarly related 
to the environment ? 

In order to still further simplify the problem, let us assume 
that in the case of each kind in each district the probability that 
it will succeed in propagating is exactly balanced by the proba¬ 
bility that it will fail. The probability, then, that any given 
number of the ten kinds in a given district will succeed is found 
by estimating the number of combinations that can be secured 
by taking that number of things out of ton things in different 
ways. This is completely parallel to the number of ways in 
which ten pennies can he arranged as to head and tail, eacli penny 
representing one form of variation, and its lying head-up indicating 
success in propagating. In 1024 experiments the probability is 
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These fl gurcs arc found in the eleventh line of what is known 
as the u Table of the Binomial Coefficients,” or the “Arithmetical 
Triangle ” *. And so in the ease of any number of objects, the 
number of combinations that may be made with n objects is 
found in the n +lth line of the Arithmetical. Triangle classified 
according as there are 0, 1, 2, 53, or more objects in each combi¬ 
nation. The whole number of combinations may also be found 
by calculating the nth power of 2. 

The possible combinations of the ten varieties in question are 
1024, which is equal to 2 raised to the 10th power; the proba¬ 
bility, therefore, that the combination that succeeds in one 
district will also succeed in the other district is () ! .,~ r , or 1 in 
1024; while the probability that those that succeed in the one 
district will not be all the same as in the other will be {jjiiy, or 
1023 in 1024, which is more than a thousand times greater than 
the reverse probability. 

These 1024 different results, any one of which may occur in 
one section, are calculated on the supposition that all the repre¬ 
sentatives of the species in one section that succeed in propa¬ 
gating will in time coalesce by intercrossing; but, as we shall 
presently sec, the number of divergences in the two sections may 
be vastly increased by the diversity of ways in which the same 
varieties may he combined through the greater or less influence 
of minor segregations within the bounds of each district. 

AMiVJjClAMATIOKAll Iktensiok. 

In my paper on 44 Divergent Evolution though Cumulative 
Segregation,” p. 233,1 have referred to the fact that the vast 
majority of divergent forms produced by Wogrogation, after 
existing for a time, are interfused with competing forms of the 
same species. Now it is evident that when a permanent [Segre¬ 
gation arises, if in the separate sections there is a diversity of 
amalgamations between the slightly divergent forms produced by 
partial segregations, the results will be divergent in these sepa¬ 
rate sections. That there will be diversity in this respect, we 
may argue; first, from the improbability that all the varieties 
in one section will occur in each of the other sections; second, 
from the improbability that if the same varieties occur in each 
section, they will occur in the same proportions; and, third, 
from the improbability that if they are the same and in the same 
* See c Principles of Science/ by W, S. Jevons. 
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proportions, they will break over their harriers and interfere 
with each other in precisely the same way in each section. 
Amalgamational Intension relates only to the last point. The 
other two points have been discussed under the principle that 
Separation always involves more or less Segregation (see the third 
paragraph of this paper). 

Taking up again the supposed case considered under Elimina- 
tional Intension, if the different kinds of new food were so 
situated as to make it more or less difficult for those feeding on 
one kind to cross with, those feeding on other kinds, the repre¬ 
sentatives of the species in each of the completely separated 
districts would be divided into minor segregations of a partial 
kind; and the different degrees of intercrossing between the 
minor segregations in the separate districts would be an addi¬ 
tional cause of divergence, which we may appropriately class as a 
form of Amalgamational Intension. Occasional interchange of 
stations by the varieties in one district would produce a degree 
of homogeneity in the forms of one district that would not bo 
found when comparing those of different districts ; but as the 
degrees of intercrossing between any two or more identical 
varieties that might happen to be preserved in both districts 
would, in all probability, differ in the different districts, the cor¬ 
respondence that at first existed between certain portions of the 
two sections would gradually disappear. We shall find that in 
order to ascertain with facility the number of different sets of 
combinations in which any given number of varieties may be 
combined while all are propagating, and the probability that 
any given degree of correspondence will present itself in any two 
sets of combinations that may be taken at random, we need a 
table by which the number of permutations that may be made 
with given numbers of things may be analyzed. I have con¬ 
structed such a table, which I call the Permutational Triangle 
with the aid of which the solutions of problems that would 
otherwise require much time are easily reached. 

Returning to the above calculation, w T e observe that in 1024 
experiments, under the circumstances there assumed, there would 
probably be but one occasion in which, out of the ten identical 
varieties which were assumed to occur in each district, the same 
varieties would succeed in propagating in each district. We 

* I give in an Appendix this Permutational Triangle, calculated to the 
tenth line, with an explanation of how it was formed. 
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have bow to consider the degree of probability that these iden¬ 
tical varieties will make the same combinations with each other 
in the different districts. I shall not attempt to give a complete 
answer; but by carrying the computation through several steps, 
I shall sufficiently exhibit the extreme improbability that, even 
when identical varieties succeed in propagating in the different 
districts, they will combine with each other in the same way and 
in the same proportions. 

As in the case of the 10 varieties that have been under consi¬ 
deration, 5 is more likely to be the number of varieties that suc¬ 
ceed than any other number, 5 is most likely to be the number 
of successful varieties in each district when the varieties happen 
to be the same in each district ; and we will therefore begin with 
that number. If, now, we suppose that there are 5 varieties in 
each district, and that there is the same chance in the case of 
each variety that it will breed with any one of the other varieties, 
as there is that it will be segregated and breed by itself, we shall 
find that in 120 experiments there will probably be 1 occasion in 
which all the varieties of one of the districts will be segregated 
from each, other, and 10 occasions in which three of the varieties 
will be segregated, and 20 occasions in which two will be segre¬ 
gated, and 45 occasions in which one will be segregated, and 41 
occasions in which none will be segregated A These probabilities 
are expressed by the tractions -fdV* f ata And 

the probability that the same varieties will be intercrossed and 
the same ones segregated in each district is rV (r ; while the pro¬ 
bability that some one particular set of segregations and inter- 
crossings that is designated in advance will occur in both districts 
is ( r i u )'h .For example, the probability that all the 5 varieties 
in one district will be segregated is -j4 0 ; and the probability that 
ail in both districts will at the same time be segregated is ( 5 ff u f. 

But the two districts may correspond by the complete failure 
of all varieties to propagate, in which case they will continue to 
correspond. Again, there may be but one variety in each district 
that succeeds in propagating, and that the same, in which case 
there will be no chance for diversity of Amalgamation in the 
different districts, at least not before a diversity of subordinate 
segregations has first arisen. Again, if the same two varieties 

* These figures arc found in the 5th line of the Permutational Triangle. See 
Appendix. 
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succeed in propagating in each district, the probability of com¬ 
plete correspondence in integration will be as 1 to the factorial 
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These fractions represent the probability of complete corre¬ 
spondence as to the varieties that intercross and those that remain 
segregated in the different districts when the same varieties occur 
in each district; and the squares of these fractions represent the 
probability that any special combination that may be indicated 
will occur in both districts at the same time. If there are, for 
example, the same ten varieties in each district, the probability 

that they will combine in the same way is g 028"8 U 0 * anc ^ P ro " 

bahility that this way will be the breeding of each variety with 

( I \ - 
3 028 800 / * 

there may be degrees of correspondence in the combinations of 
different districts. As we have just seen, the probability that 

there will be correspondence in ten points is that there 

will he in eight points is that there will he in but one 

point is while the probability that there will be no cor- 

j * 1,334,901 m . 

mpondence is m *■ 

We have thus far considered only the divergences that come 


# The denominator of these fractions is the factorial of ten, that is 1x2x3 
X 4 X 5 X G X 7 X S X 9 X 10, and the numerators are found in the tenth line of 
the Tel-mutational Triangle. See Appendix. 
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from a diversity of binary combinations coexisting with segregated 
varieties ; but it is evident that the number oi divergent arrange¬ 
ments that may be produced by any given number ot varieties 
exceeding two will bo much larger if to the above arrangements 
are added aii that may be produced by arranging single with 
trill ary, and binary with trinary ; and if inure complex com¬ 
binations arc introduced, the number may be still further in¬ 
creased* 

Of the live suppositions with, which we started*, the second 
and third assume a uniformity in the contingencies relating to 
the number and character of the individuals never realized in the 
different sections of a species that is divided by natural barriers; 
and the fifth assumes a uniformity in the changes affecting the 
environment which, though not often realized, is here assumed 
for the sake of showing that divergence of character is not de¬ 
pendent on tho organism being exposed to different environments. 
In connection with the fourth supposition, it would have been 
in accordance with tho usual conditions of nature to have assumed 
that, besides the many kinds of food of which only a very small 
fraction of the species could avail themselves, there would be a 
few kinds on which much larger numbers could feed ; and that 
when the numbers that could partake of one kind of food wore 
sufficient to ensure the propagation of those thus adapted, that 
variety would survive in both districts. .But such certainty re¬ 
lating to the propagation of some of the varieties would not 
prevent the contingencies and the divergences that would arise 
in the propagation of the much rarer or less favoured varieties. 
It Is also evident that similar contingencies would arise whenever 
the pressure of population on the supply of food should render it 
necessary for large numbers to seek new resources. The divergent 
tendency of such, pressure, from whatever cause tlu? pressure 
arises, is in no respect an arbitrary supposition; and. ihe arbitrary 
assumptions winch I have introduced in order to simplify the 
problem remove from consideration some of the. contingencies 
that must produce still greater divergence. 

I'jGOUifDAL JteKNSIOIT, 

or Segregation and Divergence produced by Independent Mieundal 
Transformation, that is by different relative degrees of fertility 

J|c See page 8t>8 of this paper. 
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possessed by the same forms of variation in separate sections of the 
species.—-Relative Fecundity is propagation according to degrees 
of fertility. As it involves not only the superior propagation of 
the more fertile, but the inferior propagation of the less fertile 
and the non-propagation of the least fertile, it may be de¬ 
scribed as the exclusive propagation of the more fertile, through 
the failure to propagate of the less fertile. It would avail 
no tiling in determining the form that is to prevail in succeeding 
generations if it did not in some degree preclude the crossing of 
the less fertile with the more; but, as it is evident that, so long 
as increased fertility is not a disadvantage, the more fertile half 
of the species will leave a larger number of offspring than the 
less fertile half, it follows that when the offspring have come to 
maturity a larger portion of the fertile will consort with the 
fertile than in the previous generation, and so the fertility of the 
following generation will be still further increased. The chief 
check to this law of Cumulative Fertility is found in the antago¬ 
nistic law of Cumulative Adaptation through Adaptational Selec¬ 
tion. The combined action of these two laws results in the 
triumphant development of the most fertile of the best fitted, or 
the best fitted of the most fertile. 

Another result from the combined action of these two laws is 
that in species that are well adjusted to the environment the 
typical, that is the average, form of the species is not only the 
best adapted, but it is the most fertile; and this correlation 
between fertility and adaptation in the average form of the species 
or race is a' strongly conservative principle, tending to prevent 
the rapid transformation of the race or species. Giants, dwarfs, 
and extreme departures from the type of other kinds are more 
likely to be sterile than the typical form of the species; and 
therefore if, through change in the environment or in the social 
conditions, some extreme form has an advantage in gaining sub¬ 
sistence, it will usually fail of propagating its kind with the rela¬ 
tive rapidity of the less-favoured average form. This is at present 
true of highly intellectual variations of civilized man. Those of 
moderate capacities are more prolific, and accordingly persist, 
though less successful in other respects than the intellectual. 
But so long as the most successful individuals are those surpassing 
the average in intellectual endowment, so long will the average 
endowment be more or less steadily advancing; for, of* intellectual 
families, those that are fairly fertile will leave more impress on 

23 * 
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succeeding generations than those that arc sterile; ami of fertile 
families, those Mutt are above tlu^ average in intellect will have th« 
"best success in leaving <ltns**< k n<laniw to inherit their endowments. 

do MIS INK I) INKMIKNOIC OF Til KSK Plil.NCI PLKH. 

Wo listvo not at present suHieicnf knowledge of the influence 
of each of the- principles of transformation to enable us to esti¬ 
mate their comparative importance; but wo know enough of 
their combined ad ion io anticipate with confuloneothatwliorovor 
Separate or Segrebate (leueration arises, producing more or 
less divergence, there these principles will in time intensify 
the result. The, transformations and divergences of nature arc 
produced by the interplay of numerous factors most intimately 
combined, and though for the purpose of coin prebending the 
process we are compelled to study each principle by itself, we 
must remember that in nature they not only combine, but com¬ 
bine in a- vast variety of ways. There is, however, reason to 
believe that species sometimes become so devoid of plasticity that 
all transformation is precluded, and, if the environment is changed, 
even in the most gradual manner, extinction is the result. 


Pivkhoknt Evolution i:n thic Land-Mo llxjsk.s or O.unr. 

Oahu is one of the. Sandwich Islands, or .Hawaiian Islands as 
they are now usually called, it is of volcanic origin, but the 
two mountain-ranges, which lie one on the north-east and the 
other on the south-west side of the island, show no signs of recent 
volcanic action. Unlike the mountains oi l lawaii and Last .Maui, 
their sides are very deeply furrowed by the action of wafer, and 
their forests sire nut broken by Hows of lava. The forests of the 
island cover these two ranges, forming two disconnected strips, 
the one about dO and the other about 18 miles hi length. In 
these forests are found GOO or 700 varieties, representing over 
200 species, belonging to 7 subgeuera, of the subfamily A chad- 
nvllUim. 

Two of these subgoncra, Amtulm and Leptachalina, are, for 
the most part, found under the dead leaves of trees in damp 
places; and one, Lamindla^ is found childly on low shrubs, while 
the remaining four are always found on trees or shrubs. JNow 
it must be remembered that the climate is tropical, and that the 1 
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rainfall is so distributed through the year that in the shady 
groves there is nothing to drive the arboreal species from their 
haunts on the leaves or branches of the trees. Still further, as 
this branch of theHelicidm, unlike most other branches, produces 
its young, not from eggs, but in a living active form, there is no 
occasion in its life-history that requires it to leave the tree in 
which it lives from generation to generation, lathe distribution 
and divergences of these varieties and species we learn the fol¬ 
lowing lessons :— 

1. Varieties are incipient species , and species are strongly pro¬ 
nounced varieties . 

A full collection of the varieties and species of any polymorphic 
genus produces an oppressive sense of confusion on the mind of 
any one who examines it for the first time. This is preeminent!)' 
true of a full collection of the Achatinellince of the island of 
Oahu. Seven genera or sub genera are represented by a multi¬ 
tude of varieties and species, which, within the limits of each 
genus, are, for the most part, completely intergraded with each 
other. As natural selection has not removed the intermediate 
forms, it is impossible to say where a species begins and where it 
ends. Having selected a given form as the type of a given 
arboreal species, we soon find that it inhabits perhaps only one or 
two valleys, say half a mile in width, and only one, two, or three 
miles in length. Beyond these limits it is represented by varieties 
that become more divergent as the distance from the home ot 
the type increases ; and, in the case of Achatinella and Bttlimella , 
this divergence is so rapid that at the distance of 8 or 10 miles 
every one will admit that the forms all belong to different species. 
Indeed, in many cases, though the same vegetation is present, the 
habits of feeding have changed, while in other cases the form 
has changed while the habits remain essentially the same. 

Though it is easy to find degrees of divergence which most 
naturalists will agree in calling specific, but which in a full col¬ 
lection are shown to he completely intergraded, yet if a full col¬ 
lection of the different forms should be submitted in succession 
to a hundred different naturalists to classify, it would be found 
that no two would agree as to the number of species ; and a still 
greater diversity of opinion would be revealed as to where the 
limits of the different species should be placed. This is exactly 
what we might expect if varieties are incipient species, and species 
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iii e simply more strongly developed varieties. Such being the ease, 
it iw fully to ask that I he nomenclature should he hast'd on Homo 
fundamental distinction between species and varieties. 

The host nomenclature is the one in which the specific distinc¬ 
tions correspond in degree with those that are recognized as 
specific in other families, and in which a degree of divergence 
that is considered speeilie in one part of a genus is considered 
specific in every part. If the distinctions cm winch Eeevc, 
.Pfeiffer, and .Newcomb have founded the species in Makiki and 
Minion are received as specific distinctions, then similar distinc¬ 
tions occurring in the forms of other valleys must be recognized 
as belonging to different species. 1 by no means contend that 
these differences should be regarded as specific; but having re¬ 
ceived the three or four forms of Aehalindla found in Manoa as 
good species, it will not do to say that the three forms of Aclia - 
(holla found in Vnialci, differing from each other in the same 
wav, are but one species. 

Notwithstanding the diversity of opinion that will, always exist 
as to bow many species should be made of the forms occurring in 
any one valley, every one will agree that the forms of Bulimdla * 
and AeliaUnella found in any one valley are quite distinct species 
from those found in valleys that are ten or twenty miles distant. 
The lessons wo are drawing from the divergences in this family 
are therefore not dependent on any special views concerning the 
number of species that ought to be received. 

As examples of intergrading species, examine first the types of 
A chit hell a producta, A. adnata, and A. JJudJii from Makiki; then 
all the forms of these and the other species of Acha Undid n found 
in Makiki; and then the forms found in the successive valleys 
of the whole mountain-range. 

If freedom from intergrading is received as the necessary and 
sufficient test of good species, then a multitude of forms Unit arc 
now only varieties may be turned into good species by In truing 
the forests in alternate valleys on either side of this mountain- 
range. Moreover, if this is the true test of species, the species- 
maker who throws iutergado forms into the fire is quite consistent, 
even if not quite frank, 

"Whether we call these divergent forms species or vanities, the 
process by which the divergence has been produced is a matter 
of equal interest. Indeed,, some evolutionists maintain that one 
of the chief desiderata in the theory of evolution is an explanation 
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of the origin of varieties Variations are deviations from the 
average, but varieties are groups of individuals in which the 
averages differ, and in which the inheritable characters differ. 
Still further, it is usually admitted that the divergences presented 
by varieties are not always essential to the well-being of the forms 
that possess them, and that in many cases the forms that are 
confined to separate localities might exchange positions without 
suffering disadvantage. Divergence in these initial stages has 
seemed to many to be an obscurer problem than the advancing 
usefulness which sometimes entirely remodels an organ. For, as 
Prof. Le Conte has said, “Natural selection does not make an 
organ useful, but only more useful.” 

I believe that the theory of divergent evolution, presented in 
this and the preceding paper, is applicable to the formation of 
divergences during the stage when some of the differences, if not 
all, bring neither advantage nor disadvantage to those that possess 
them. Whatever we call these divergent forms, can we give any 
explanation of the causes that have produced them F 

2. Divergent Involution does not necessarily depend on either 
change in or change of the environment . 

In other words, it does not necessarily depend on change in 
the conditions surrounding the organism, or on the organism 
being brought into a district presenting a different set of 
conditions. 

Darwin maintains that isolation (that is geographical separa¬ 
tion), without any differences in the surrounding organisms or in 
the physical conditions, presents no occasion for divergence of 
character. lie says, “ If a number of species, after having long 
competed with each other in their old home, were to migrate in 
a body into a new and afterwards isolated country, they would be 
little liable to modification 13 (‘ Origin of Species/ 6th ed. 
p. 819). 

Spencer expresses the same idea by saying that “ Vital actions 
remain constant so long as the external actions to which they 
correspond remain constant”f. “There must be maintained a 

* See ‘Evolution and its Eolations to Beligious Thought,’ by Joseph Lo 
Conte, published by Appleton & Go., page 252. 

t Though apparently opposed to his theory of “the production of certain 
local forms by amixia,” this same idea is found in Weismanns * Studies in the 
Theory of Descent,’ pp, 100-115 (.English edition). 
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tolerably uniform aperies so long as there (continues n tolerably 
uniform set of conditions in winch it may exist*” (Nee Spencer's 
4 Principles of Biology,’ §§ 01, 1.50, 1(H), 170.) i n other words, 
divergence of character in the descendants of one stock occupying 
different dial riots does not arise except as it; is preceded by dif¬ 
ference in the physical conditions, or in the surrounding organisms, 
of the different districts. After moulding this thought in. many 
forma, Spencer makes it; the fululamental principle on which he 
builds not a small portion of his philosophy. Darwin is more 
guarded in his statements ; still, as we have already shown, lie 
sometimes seems to reason from an assumption quite in accord 
with what Spencer would have us receive as essential to the 
very idea of causation in vital processes. For example, his expla¬ 
nation of the fact that on the different islands of the Galapagos 
Archipelago one genus is, in many cases, represented by several 
closely allied species which are undoubtedly modified forms of 
one continental species, seems to rest on the assumption that 
if every species that gained access to any island had at the 
same time gained access to the other islands of the archi¬ 
pelago, there would then have been no occasion or opportunity 
for the divergences we now find (see ‘ Origin of Species,’ Oth ed* 
p. 355). 

It seems to me that the divergences presented by the *variidies 
and species of the subfamily Achatinellinm of the Sandwich Islands 
arc at variance with this assumption. Not only are islands in 
sight of each, other occupied by divergent species, but different 
parts of the same mountain-range, exposed to the same winds 
and rains and clothed by the same vegetation, are the homes of 
divergent 1 forms. 

Turning to the map of the island of Oahu, we find a mountain- 
range extending 30 miles from north-west to south-east nearly 
parallel with the north-east coast;. The north-east side of this 
range is exposed to the trade-winds fresh from the ocean, and 
accordingly receives a heavier rainfall than the other side ; but 
there is not much difference in the amount of rain received by 
the different valleys on one sale of the mountain. In nearly all 
these valleys on either side of the range are found shady groves 
of what; the natives call the “ kukui ” (Aleurites triloba ). Many 
species of the subgenera Aekalinella and Bid mail a- have their 
haunts in these groves, some species clinging to the leaves and 
young branches, and others to the old branches and trunks. Most 
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of the species thrive only where the shade is dense and the atmo¬ 
sphere laden with dampness a large portion of each month. 

The student who starts with the assumption that divergent 
varieties and species arise only through exposure to different 
environments, will expect that these groves, at least those on the 
same side of the monntain-range, will he occupied by the same 
species. Having found one set of species in a given valley, when 
he comes to a valley ten miles distant possessing the same con¬ 
ditions of soil, rainfall, vegetation, and shade, where the birds, 
reptiles, and insects are the same, where the mice and ants, their 
only known enemies, are the same, he naturally looks on the 
leaves and branches of the familiar trees for the snails he has 
.found in similar stations not far distant; hut what is his surprise 
to find only different species, all allied to, but quite distinct from, 
those he has previously known ! Twenty miles from the first 
valley he renews his investigations, finding the forms of all the 
different groups still more divergent, though all the conditions 
of the environment are, so far as he can observe, the same. 

He finally perceives that he must either assume that there arc 
occult influences in the environment varying with progressive 
force with each successive mile, or he must give up the theory 
that the cause of this divergence is exposure to different envi¬ 
ronments. 

8. When the environment is- the same in two districts occupied 
btf allied species or varieties, it is evident that the differences 
that distinguish the latter cannot he advantageous , even 
though their differences include strongly contrasted habits. 

For in order that these differences should be advantageous, 
it is necessary not only that they should relate to the performance 
of vital functions, and therefore be differences of adaptation, but 
it is necessary that these differences of adaptation should relate 
to differences in the environment, so that the forms would be at 
some disadvantage if they should exchange districts. Adapta- 
tioual specific differences are not always advantageous,-and in 
such cases the divergence cannot be primarily attributed to 
diversity in the action of natural selection in the different 
districts. Under the protection of Isolation, diversity of natural 
selection may arise which helps in producing divergence; but 
when the environments are the same, the divergence is in no 
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sense advantageous, and, in some eases, may even "be disadvan¬ 
tageous. 

A familiar example will perhaps put the distinction bed ween 
the causes of existence and transformation and the causes of 
divergent existence and transformation in a clearer light. The 
forms of language are growths that are governed by the laws of 
utility as fully as the forms of varieties and species. Hack lan¬ 
guage and each part of a language exists and persists only as it 
is found to be of use. The <£ Survival of the .Fittest ” is a law 
that is perl,laps as conspicuous in the domain of language as it is 
in the organic world. Again, every language, like every organic 
species, is in many respects determined by the environment. 
A language, for example, developed in Java will present names for 
many plants and animals that will uot be represented in a lan¬ 
guage developed, in Greenland. But, granting all this, does it 
follow that linguistic differences are necessarily advantageous ? 
The Polynesian system of* counting by fours, and the Eskimo 
system that proceeds by scores, are undoubtedly useful systems ; 
but is there anything advantageous in the difference? I think 
not, for each system is as well adapted to the environment of 
the other as to its own environment. We may look upon the 
more important parts of a language as persisting through their 
usefulness, the survival of the fittest being the law; but the 
divergent evolution which brings several languages out of one 
seems to be principally due to other principles which are closely 
akin to the principles that produce divergences in the organic 
world. The fundamental condition in both organic and linguistic 
divergence is Segregation; and, this being secured, diversity of 
habits, bringing diversity of aptitudes and diversify in the forms 
of survival, is sure to arise even when the environment is the 
same. 


4. Specific deferences are not always differences of adaptation 
to the environment; and those that are not should not he 
attributed to the action' of natural selection , 

It is admitted by every one that a distinction relating to a 
character that is of no use in the economy of the organism can¬ 
not have arisen under the influence of natural selection. Those 
who maintain that all specific distinctions are duo to natural 
selection maintain at the same time that these distinctions are 
both adaptational and advantageous. There are naturalists who 
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maintain that the very essence of the Darwinian theory is “that 
specific differences must he advantageous/’ and therefore adapta¬ 
tion al ; while they do not claim the same for generic, family, and 
ordinate distinctions, or indeed for varietal distinctions, if I rightly 
understand *. I have never seen any attempt to explain this 
supposed exception in the midst of the taxonomic series ; and it 
seems to me that the break in the continuity of nature which 
this interpretation of the Darwinian theory supposes, should 
lead us to a very careful investigation of the facts before we accept 
it as a true interpretation of nature. 

I shall content myself with pointing'out one distinction, oc¬ 
casionally occurring between allied species, for which no use has 
ever been, or is liltely to be, found. I refer to the distinction 
betw een what are known as dextral and sinistral forms. This 
distinction relates to the tortion of the animal and its shell upon 
itself. It is most easily recognized by placing the shell on its back 
with the aperture upward, and observing whether the aperture 
lies on the right side of the central columella of the shell or on 
the left. In the first case it is described as dextral, in the second 
as sinistral. In most families and genera of water-inollusks the 
sinistral form occurs only as a sport (amongst Mammals the 
heart is sometimes found on the right side), and even amongst 
air-breathing inollusks the dextral form vastly predominates. 
Amongst the Acliatinellinas , Amastra and Leptachatina , which are 
genera of terrestrial habits, are (with perhaps the exception of 
one or two species) dextral in form; while the other genera, 
which are plant-feeders and constantly hanging to branches or 
leaves, present many species that are constantly sinistral, and 
many others that are both dextral and sinistral. Why should 
A vluttinella adnata in Panoa and Makiki be constantly sinistral, 
when its nearest allies found in the same valleys are both dextral 
and sinistral? Why should Achat inella bacca and A. ahbremata 
in Pablo and Waialae he constantly dextral when the other species 
of Aehatmella in the same valleys are for the most part sinistral P 
Is there any adaptation to the environment possessed by a dextral 
form which would be lost if the form was reversed ? if not, 
natural selection could not have anything to do with that part of 
its character. Bulirtiella roaca is sinistral, while JB. bulimoides is 
dextral. If in this respect they should exchange forms, would 


See letter from Mr. W. T. Thisolton Dyer in ‘ Nature/ vol. xxxix. p. 8. 
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any disadvantage be experienced by cither species? .it is im¬ 
possible to conceive of any disadvantage that would follow, and 
therefore I cannot believe that this ditleronoo in the two species 
is primarily due to natural, sexual, or any other form of selection. 

There are many other specilic distinctions presented in. this 
family which seem to lie of no advantage, though they are not so 
far removed from all suggestion of the possibility of use as the 
character we .have just been considering. The brilliant colours 
and varied patterns presented by many of the arboreal species 
would be of advantage to themselves, if they served as warning 
of nauseous qualities to creatures that arc liable to prey upon 
them ; but no such creatures exist, dim birds of the forest- 
region are exclusively fruit- and nectar-feeding, and the mice 
which in recent years have made sad havoc with the mountain 
snails, unfortunately do not spare the highly-coloured species. 

There can be no doubt that when, representatives of different 
groups or. sub genera occupy the same trees they remain segre¬ 
gated through the influence of sexual instincts, which must be 
associated with some means of recognizing those of their own 
group; but it is not at ail probable that the colours and patterns 
of any species are recognized by their mates, or have been deve¬ 
loped under the influence of sexual selection. There is, there¬ 
fore, strong reason to doubt whether selection of any kind lias 
been concerned in the production of the beautiful colours and 
patterns of these species, unless possibly correspondences in colour 
within the limits of a genus are, in some cases, due to the in¬ 
heritance of tendencies produced by selection when conditions 
were very different from what we now find. But the divergences 
in colour and pattern in the species of one genus cannot bo thus 
explained, 

6. The average radius of distribution for similes of the same 
value in different groups of dostrty-allml species varies in 
the different groups directly as the power and- opportunity 
for migrating, and inversely as the plasticity and variability 
of the several groups . 

Comparing the distribution of the Helices of Europe with 
that of the Achatmellince of Oahu, the most striking contrast is 
found in the size of the areas occupied. Helix po matin is dis¬ 
tributed from England to Turkey, over an area t wo thousand miles 
in length* while of the seven genera of Achutindlirm on Oahu 
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1 know of but one species that seems to be distributed over the 
whole 86 miles of the main mountain-range, and this one is 
represented by three varieties belonging to different parts of the 
range and perhaps worthy to be regarded as different species. 
The species to which I refer is Auriculella auricula (For.), the 
typical forms of which are found on the eastern half of the 
mountain-range. .On the other half of the range we find the 
closely allied forms to which I have given the manuscript names 
solicla and pellitcula. This great .contrast in the size of the areas 
occupied must he due either to the greater plasticity of the 
Sandwich-Island species, or to their having inferior opportunities 
for migrating, or to both causes. As I become better acquainted 
with the great difference in the habits and circumstances of the 
contrasted species, I give increasing weight to the difference in 
the opportunities for migrating. "With the continental species, 
floods must be one great means of distribution; but in the case of 
the insular species, the floods would carry floating individuals upon 
the grass-land or into the sea, in either case to perish. Again, 
the habit of travelling upon the ground, which belongs to most 
of the Helices of Europe and America, gives incalculable oppor¬ 
tunities for migration which are not enjoyed by species that are 
strictly arboreal, as are many of the Sandwich-Island species. 
Most of the Sandwich-Island species are still further restricted 
in tlieir opportunities by their inability to resist a dry atmosphere 
or exposure to the sun, which renders it necessary that they 
should remain in the isolated areas that are favoured with shade 
in the different valleys. 

The habits of the different subgenera occupying Oahu are also 
instructive as throwing light upon the relative areas occupied by 
the species of the different genera. Aclmtinella and Bulimdla 
seem to be the most restricted in their opportunities for migrating: 
first, because they are entirely arboreal in tlieir habits, clinging 
to the trunks and branches of trees through their whole life- 
history ; and, second, because, for the most part, they occupy 
the shady and damp thickets and groves, the shade in each valley 
being separated from similar shades in adjoining valleys by lofty 
and sparsely wooded mountain-ridges at each side of the valley 
and by open grass-land at the mouth of the valley. On the other 
hand, Apex, which for the most part occupies trees and shrubs on 
the ridges which are connected with each other through the 
central riclgc of the mountain-range, and Amastra and Lepta - 
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elmtina , which are for the most part found on the ground under 
dead and decaying leaves, seem to possess- better opportunities 
for migration than either Achat in ella or JBulimella. Oorrespondin g 
with these facts we find the species of Achatinella and Bulmella 
especially limited in the areas they occupy, while the species of 
Apex % Amastra , and 'Lepiachaiina are less so. Tor example,the area 
occupied by Amastra turrit ella, A. tristis , and A, vent ulus includes 
the areas occupied by many species of Achatinella and JBuUmdla ; 
and Apex lorains and A.pallidas, occupying the mountain-ridges, 
range from Makiki to Halawa, exceeding the range attained by 
any arboreal species occupying the valleys of the same region. 

0, When a group of divergent forms that arc fertile with each 
other are being developed through the influence of local or 
geographical segregation , other conditions remaining con¬ 
stant, the number of forms that will be produced ivithin a 
given area will vary inversely as the square of the average 
radius of distribution for the different forms. 

As this average radius. of distribution may be taken as the 
measure of the power and opportunities for migration, we may 
say that other powers and opportunities remaining constant, the 
n u mber of species developed within a given area will vary in versely 
as the square of the power and opportunity for migration. 

Though migration is in one sense a cause of isolation, it is 
evident that the number of isolated groups of individuals does 
not increase w r ith the increase of migration. Isolation is pro¬ 
duced by the great contrast between ordinary and extraordinary 
combinations of opportunities for migration; and this contrast 
is as great in the ease of species that have limited powers and 
opportunities, as in the case of those that have very great powers 
and opportunities. The number of isolations thus produced that 
can exist within the limits of a given area must vary inversely 
as the square of the power and opportunity*for migration. 

The facts of distribution we have been considering seem to 
correspond to this law. 

7. Forms that arc most nearly related , and are therefore the 
least subject to sexual and impregnational segregation, are 
distributed in such a manner that their divergence is directly 
proportional to their distance from each other , which is 
also the measure of the time and degree of their geographical 
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segregation; while those that are most manifestly held apart 
by sexual instincts and impregnational incompatdbilities do 
not follow this law, 

Bulimella is represented by two groups of species, one of ovate 
form, the other elongated and with the outlines of the spire less 
rounded. The widest divergence between these groups is pre¬ 
sented by species occupying the same districts and valleys, but 
the widest divergences in the species of either of these groups 
are found in valleys widely separated. In the latter case, the 
degree of geographical separation is probably an approximate 
measure of the time and degree of segregation, and therefore the 
measure of the degree of divergence; while, in the former case, 
the segregation is probably as complete between forms occupying 
the same valley as between those of widely separated valleys. 
There is reason to believe that in the eastern part of the island 
these two groups are not held apart by sexual segregation or 
segregate fecundity and vigour, for there is complete intergrading, 
and the divergence between the groups in any one valley is much 
less than is found in the north-west portion of the island, where 
sexual incompatibility seems to hold them apart. 

Achatinella bacca and A, abbreviata completely intergrade with 
each other, but they are associated with a number of other species 
of Achatinella with which they do not intergrade, prevented it 
seems to me by mutual antipathy and sterility. ¥e have, there** 
fore, in the eastern valleys two groups of Achatinella completely 
segregated from each other, though occupying the same districts 
and in some measure the same stations; while in the other valleys 
the two groups coalesce, the different species occupying any one 
valley being only partially segregated by divergent habits of feeding 

The different subgenera, which are undoubtedly segregated by 
divergent sexual instincts, as well as by physiological incompati¬ 
bilities, are equally divergent, whether we compare forms from 
the same, or from distant valleys. 

8. The distribution of the varieties , species , and genera of 
Achatinella on this island is just such as would he produced 
by divergent evolution , which depends on segregation as a 
necessary condition even when the environments are different , 
and which always follows long-continued segregation even 
when the environment surrounding the different sections is 
the same . 
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Increasing difference in the forms of natural selection does 
not necessarily depend on exposure to different environments, 
but does depend on some form of Independent Generation. It 
may be safely said of the multitude of varieties which inhabit the 
island of Oahu, that every one is more or less segregated from all 
other varieties. And I believe this will be found true concerning 
varieties iu every part of the world. This fundamental fact 
would probably never have been denied, except for the delusive 
idea that the advantage of divergence would lead to the accumu¬ 
lation of divergence even if segregation were entirely wanting. 
"What could be a greater mistake for the breeder of animals than 
to imagine that by selecting extreme variations and breeding 
them together he would in time secure well-marked races ? It 
must be equally at variance with fact to suppose that any advan¬ 
tage secured by divergent variations can be preserved and ac¬ 
cumulated while the different forms are freely intergeuerating. 

In the family we are considering, the chief forms of segregation 
are probably what I have called local, geographical, industrial, 
and sexual segregation, strengthened in many cases by segregate 
fecundity and vigour. As illustrating local segregation I would 
mention varieties and species of Apex, for the most part occupying 
the mountain-ridges which are all connected with each other, 
without the intervention of geographical barriers. Geographical 
segregation is illustrated in the forms of Achat inella and Bull- 
mella , which for the most part occupy the deep valleys, the ridges 
forming barriers that are very rarely surmounted. Industrial 
segregation is illustrated by the closely-allied varieties of one 
group of species that occupy oue valley, but are prevented from 
freely crossing by different habits of feeding. It is probable 
that sexual or seasonal segregation prevents the pairing of Achat i- 
nella with Bulimella when both occupy the same trees.- More¬ 
over, cross sterility would undoubtedly prevent the multiplication 
of the hybrids, if cross-unions ever do occur between forms so 
widely divergent. There can be no doubt that the same principles 
prevent the strongly marked groups of either genus from inter- 
generating; as for example, in the case of Achat in ell a hacca and 
A, abbreviate, which are intergraded with each other, but not with 
the surrounding species of Achatinella . 

Again, divergent forms of natural selection do not necessarily 
depend on exposure to different environments. Industrial Se¬ 
gregation is produced by different methods of using the environ- 
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ments; and the same cause will often produce diversity in tlie forms 
of natural selection affecting the segregated sections. Cumulative 
divergence in the methods of using the environment in the 
different branches of the species depends upon their segregation, 
and, therefore, increasing divergence in the forms of natural 
selection affecting the different branches depends on their 
segregation. But Industrial Segregation is not the only form of 
Independent Generation that opens the way for increasing 
diversity of natural selection. Geographical Segregation under 
the same environment, though it does not of itself produce 
divergent forms of selection, opens the way for change in the 
habits of feeding with diversity of natural selection # in the 
different sections of the species. Take, for example, the species 
of Achatmella : in Manoa and Mikiki they chieffy occupy the 
Kukui (.Aleurites triloba) and other trees, while in Kawailoa and 
that region they neglect the larger trees and take to the Lobelia 
and other shrubs and herbaceous plants. 

But why should the degree of divergence increase with the 
continuance of the Segregation? The answer seems to be that 
the combined effects of the different principles of transformation 
in the segregated groups increase with the time of segregation; 
and, as independent transformation is never parallel, the diver¬ 
gence increases in the same ratio. Diversity of natural 
selection is undoubtedly one of the principles producing this 
divergence, even when the vegetation and physical conditions of 
the different districts are the same, for when the habits of 
feeding change, the natural selection must usually change. But 
there are eases of divergence accompanying Segregation in which 
the habits of feeding seem to have remained unchanged; and in 
such eases I explain the divergence in part by ohe principle that 
separation always involves more or less segregation, and in part 
by the influence of the four principles which I have called 
Assimilational, Elim[national, Amalgamation^, and Eecuridal 
Transformation. Of these, Eliminational and Amalgamational 
Transformation are perhaps the most constantly operative. The 
principle of unbalanced Elimination is closely allied to the 
principle that separation involves Segregation; for both repre¬ 
sent phases of the fact that any small fragment of a species is 
incapable of propagating all the qualities .of the species in the 
exact proportion presented by the average of the species. 

ULNN. journ. — zoonoav, vol. xxiii. 24 
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Similar Facts in other Fields* 

Many of the facts embodied in these eight propositions must 
have "been observed wherever naturalists have studied the 
geographical distribution .of the varieties and species of poly¬ 
morphic genera; but in the distribution of the AcJiatinellina 
there arc features of peculiar interest arising from the fact that 
the powers of migration possessed by the species of the sur¬ 
rounding environment are very much greater than those possessed 
by the Aehatinellce . Through this circumstance a comparatively 
uniform environment is produced in which the effects of Inde¬ 
pendent Generation unmodified hy the effects of changed 
environment may be observed. The remarkable facts of dis¬ 
tribution which we have on the island of Oahu are found in 
other parts of the Sandwich Islands, wherever this faintly occurs. 
I am also fully convinced that, in other parts of the world, 
wherever one genus or family of very low powers of migration 
is surrounded by a body of plant and animal dorms possessing 
much higher powers of migration, these similar facts will present 
themselves whenever investigation is made. 

The distribution of land-mollusks belonging to the genus 
Partida found on the Society Islands presents similar features. 
The island of Eeiatea, which is but 14 miles in length and 8 or 
4 miles in breadth, is the home of about 30 species and varieties, 
most of which are confined to areas only a few square miles in 
extent. I am not informed as to the distribution of the vegetation 
on which these species feed, but there is no reason to suppose 
they occupy limited districts corresponding to those occupied 
hy the different species of Fartula, 


Divergence in Insects. 

The dependence of divergence on some form of Segregation is 
most dearly exemplified in insects, and though my studies are 
but limited in that field, I shall refer to a few cases, which may 
serve to direct attention to a class of facts of the highest interest 
not only to Entomology but to general Biology. 

Divergence in the Species of the Bepidopterotts Genera 
.Frpints (Famphila ) and Tkanaos (Msomades). 

These two genera* of small Norfch-American butterflies are 
worthy of the special attention of those who are studying the 
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problems of divergent evolution; for they furnish strong indica¬ 
tions that organisms which, are with difficulty distinguished from 
each other by external form or colour, may, nevertheless, be well 
established species—segregated presumably by sexual instincts 
corresponding to sexual characters by which those of opposite 
sexes of the same species readily recognize each other, and 
probably cut off from the possibility of producing hybrids through 
incompatibility of physiological endowments. In the origin of 
some of these species Geographical Segregation may have' had an 
important influence; but concerning others there can hardly be 
a doubt that the segregative influences, holding apart species 
that occupy the same districts, were, from the first, peculiarities 
of their sexual instincts and constitution. The reason for ac¬ 
cepting this view of their origin is found in the fact that, though 
slightly divergent in other points, the characters by which they . 
are clearly distinguished are found in the forms of the male 
genitalia; and in the characters of these organs we find clearly 
marked species, for the most part free from the intergrading 
forms which would certainly be presented if the different species 
were not prevented from crossing by sexual instincts or consti¬ 
tution. 

A full description of these genera, with observations on the 
asymmetrical development of the right and left sides of the 
genital armature in Thanaos, will be found in Seudder’s ‘Butter¬ 
flies of New England ; ’ see also Mem. of the Boston Sue. Nat. 
Hist. ii. ( 1874 ), and Proceedings of the same Society for April 27, 
1S70, vol. xiii. p. 282 (1871). 

Divergent Species of Basilar chia. 

Basilar cilia (Scudder) is an attractive genus of butterflies 
peculiar to North America, where it is represented by four or 
five species. Three of these are found in New England, and are 
minutely described in Seudder’s 1 Butterflies of New England,’ 
from which I draw my information (pp. 250-805). 

The distribution of these three species is of great interest, 
as it illustrates divergence both with and without Local Segrega¬ 
tion. JB, Archppvs ranges over nearly the whole of the United 
States and over the southern portion of Canada. JB. Asfyanacc 
occupies the valley of -the Mississippi and eastward to the 
Atlantic from the Gulf of Mexico on the south to the lakes 
on the north. JB. Arthemis is distributed from Newfoundland 

24 * 
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and Nova Scotia on the cast, over New England, Canada, 
the region of the lakes, away to the north-west, toward the 
coniines of Alaska. It will be observed that the area of distri¬ 
bution of B. Archippus includes the whole of that of B. Astganax 
and a large portion of that of B. Arthemis; while the areas of 
B. Astjanaa ? and JB . Arthemis overlap along the whole northern 
border of the territory occupied by B. AsUjanax. This area, of 
overlapping distribution in which the three species arc associated 
is about a thousand miles in length, and from one hundred to 
one hundred and fifty miles in width. 

Forms of Segregation that separate 13. Archippus/bow 
B. Astyanax and B. Arthemis. 

It is evident that, in the present condition of distribution, 
geographical barriers and territorial separation have nothing to 
do with the integrity of B. Archippies as a separate species. In 
other words, it is not under the influence of Geographical or 
Local Segregation. Whatever may have been its past history, 
these certainly are not the causes that at present prevent it 
from interfusing with other species of Basilarchia with which it 
is associated. 

Again, Seasonal Segregation seems to have but little influence; 
for, though B , Archippus seems to appear 15 or 20 days earlier 
than the other species, the remainder of the breeding-season, 
which extends over many weeks, is coincident. 

The habits and feeding instincts of this species must tend to 
separate it somewhat from B. Arthemis , for this latter species 
frequents forest-regions, especially when elevated and hilly, 
while B, Archippus is found in the open country in fields and 
meadows, especially in low levels. The eggs of B . Arthemis arc 
chiefly deposited on the species of birch and willow that are 
found on the highlands; while the eggs of B. Archippus arc 
chiefly deposited on the willows and poplars found on the low¬ 
lands, though on the White Mountains it occasionally extends its 
range to as high levels as B. Arthemis. There is therefore 
between these species a slight degree of Industrial Segregation ; 
but this partial segregation does not prevent their being often 
found in the same fields, and unless held apart by sexual instincts 
and by partial infertility, hybrids, which are now very rare, would 
be very common.. 

We are therefore lead to believe that diversity of sexual 
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instincts, accompanied by a'considerable degree of cross-sterility, 
is the chief cause preserving the independent character of this 
species. Except for the sexual Segregation and Segregate 
Fecundity there is every reason to believe that this species 
could never have arisen, or, if it had arisen as a variety in some 
isolated locality, would have been submerged in the allied forms 
when its wider distribution was reached. This conclusion, 
which has been reached by observing the general relations of the 
species, is confirmed by a minute examination of the structure 
w of the three species. We find that while the male genitalia of 
B. Astyanax and B. Arthemis differ but slightly, those of 
B. Archippus are considerably divergent. This is an index of 
the psychological and physiological relations of varieties and 
species of no small importance; for a comparison of many species 
shows that differences of this kind are usually accompanied by 
corresponding degrees of segregation in sexual instincts and of 
cross-sterility. In other words, we find that difference in the 
male genitalia,-which is a form of segregate structure, is an index 
of Sexual Segregation and Segregate Fecundity. 

The partial Segregation of B. Astyanax and B. Arthemis. 

In the relations of these two species we find examples of 
segregative influences differing somewhat from those that have 
just been found in the case of B. Arehippus. Begional Segre¬ 
gation, with exposure to different-climates and adaptations to 
different food-plants, has undoubtedly had an important in¬ 
fluence in the formation of these species; but, in the part of the 
country where they co-exist, their life-histories correspond com¬ 
pletely, and cross-unions seem to be frequent. The hybrid form 
has been described as a separate species, and some entomologists 
have classed it as a dimorphic form of B. Arthemis , but Scudder 
gives several reasons for believing that it is the result of cross¬ 
unions between these two species. There are, however, several 
reasons for believing that partial Segregate Fecundity exists 
between the two species; for, in the strip of territory where the 
two are associated they do not completely coalesce, as would be 
the case if they were completely cross-fertile. In Scudder’s 
c Butterflies of New England,’ pp. 159-160, we find mention of 
two species ( Qercyonis Alope and C . Nephele ), in which the cross¬ 
sterility must be considerably weaker than between the two 
species w r e are now considering; for, in the intermediate region 
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in which their areas overlap, the intergrade forms are compara¬ 
tively abundant. Moreover, the difference in the male genitalia 
of B. Asfijanax and B. Arthemis , though much less than that 
which appears when either of these is compared with B. Ar~ 
chip pus, is such as indicates a considerable degree of infertility. 

In these two species we have then a good example of partial 
Segregation through distribution over areas, which, though over¬ 
lapping, are for the most part distinct, reinforced by partial 
Segregate Fecundity which may or may not be accompanied by 
slightly divergent sexual instincts. There is also some Segrega- # 
tion resulting from the fact that the plants on which B. Arthemis 
seeks to deposit its eggs are chiefly the birches and willows 
of the hilly country, while B . Astganax prefers fruit-trees of the 
Eosaceee family, and other plants that are found in the more 
open country. These are, as I have shown in my paper on 
£C Divergent Evolution through Cumulative Segregation,” exactly 
the conditions that'produce, in successive generations, increasing 
degrees of Segregate Fecundity. 

Cumulative Segregation in the Formation of the above Species . 

I judge that in the relations to each other of these three species 
we have the results of divergent evolution through cumulative 
segregation very clearly illustrated. In the earlier stages of 
divergence in this genus, Basilar cilia Archippus with its fondness 
for the open fields must have become partially separated from the 
parent form from which both B . Astganax and B. Arthemis have 
since sprung. The separation may have been.iu some measure due 
to what I have called Protectional Segregation; for we find that 
the form that has kept to the open country has through protective 
selection gained a very close resemblance to the colouring of 
Anosia plexippus, which is protected by its disagreeable qualities. 
The other form has probably gained compensative advantages by 
keeping closer to the woodlands. But the partial Segregation thus 
produced would never have resulted in constant specific differences 
if Segregate Fecundity had not arisen between the two forms. 
"We may believe that some form of Impregnation^ Segregation 
(either Segregate Structure, Segregate Fecundity, or Segregate 
Vigour) was early introduced, and that under the protection of 
this barrier the specific distinctions of the two forms became fully 
established, though even now the barrier is not so complete as to 
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entirely preclude hybrids between JB. ArcJdpjms and cacli of the 
other species. Examples of both these hybrids are described by 
S rudder. 

While this Segregation was being completed, one of the two 
forms thus created must have become subject to a new set of 
segregative influences, arising from wider distribution with di¬ 
versity of climate and of habits of feeding, reinforced by a slight 
degree ot Segregate Eecnndity. JB. Astyanax and B. Arthemis 
are the two species resulting from this last Segregation, and the 
process is so far from being complete, that wherever the areas 
‘of these two species overlap a hybrid form, which has been 
known as JB. JProserpina, appears. That it is a hybrid is proved 
by the fact that it u varies most toward Astyanax where this 
prevails, and most towards Arthemis where that prevails/’ that it 
is found only in the narrow belt where the two species are brought 
into contact, and that it has been reported from so many points 
in this narrow belt that there is reason to believe that it occurs 
wherever the two species are brought into contact. If our ex¬ 
position of the Segregations to which these species have been 
subjected is correct, they are cumulative in two respects—first 
because after one Segregation has been established another is 
superimposed,and second because a partial segregation established 
in one generation tends to become more complete in subset}uent 
generations. 

The primary causes in the whole process are the activities of 
the organisms acting upon each other and upon the environments 
in such a way as to produce, in the first place, Independent 
Generation with some degree of divergence, and then Unbalanced 
Natural Selection and other forms and transformation, which, 
acting upon selections of the species that are prevented from 
crossing, result in ever increasing divergence. 

Divergent Evolution in the Periodical Cicada 
( Cicada,septemdecim ) # . 

In this species we have examples of two quite distinct diver¬ 
gences, each depending on its own forms of Segregation, which 
are easily recognized. 

The life-history of this insect covers 17 years and one or two 

* My information is chiefly derived from the IDS. Department of Agriculture 
(Division of Entomology), Bulletin No. 8, by Dr. 0. V. Riley. 
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months. The imago appears late in May, and for a little more 
than a month tSie males make the woods ring with their shrill 
stridulations. The eggs, which are deposited in the green twigs 
of trees, mature during the latter part of July; and each newly- 
hatched larva dropping to the ground, takes up a solitary subter¬ 
ranean life, which it follows till its period of 17 years is nearly 
complete. It then appears above the ground, passes into its 
winged stage, and enters on a few weeks of social life which 
closes its career. This species is widely distributed in that part 
of the United States that lies between tbe Atlantic shore and the 
Eocky Mountains. It does not, however, occur in Minnesota,- 
Northern Michigan, or northern new England. It is, however, 
represented by two races in every respect the same, except that 
one has a life-history of thirteen and the other of seventeen years. 
The 13-year race prevails in the Grulf States, while in new Eng¬ 
land and the Middle States the 17-year race is alone found. In 
Illinois, Missouri, Kansas, and in several of the Southern States 
the two races occur in the same localities : but it is evident that 
even in such localities it is only once in 221 years that there will 
be any opportunity for crossing between them, and we are 
informed by those who have made a special study of the subject 
that they do not cross when these opportunities occur. 

These two races are therefore protected by partial Local Se¬ 
gregation ; by Cyclical Segregation rendering it impossible that 
a brood of each occupying the same locality should have oppor¬ 
tunity for crossing more than once in 17 generations of the shorter- 
lived race, or once in 13 generations of the longer-lived race; and 
by Sexual Segregation that shows itself in diversity of instincts 
preventing them from pairing when other conditions favour. 

"Whether devices have been tried to induce cross-unions, and 
whether such unions are unfruitful, I have never heard; hut the 
simple fact that 15-year forms do not appear in localities where 
the two races are found, indicates that in nature they do not 
cross. Several such localities have been reported, but in none of 
them has an intermediate form been found. It seems, therefore, 
tin it we may safely draw the conclusion that we have here a case of 
complete Sexual Segregation between forms winch to the human 
eye are undistinguishable, and which call their mates with stri¬ 
dulations which to the human ear are the same. Now I claim that 
in such races as these we have the beginning of divergent species— 
a beginning that lies in the segregative influences of constitutional 
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and instinctive qualities persistently inherited by the two races, 
though the naturalist who examines specimens of the two races 
cannot distinguish them. All that is necessary to convert these 
two races into good species is the transformation o£ one or both 
of them while they are thus prevented from crossing ; for we may 
he assured that the results of transformation under such circum¬ 
stances will never be completely parallel. 

Each of these races is again subdivided; for accompanying 
each is a diminutive form, differing somewhat in colour, not so 
early by eight or ten days in its first appearance, producing a 
quite distinct stridulation, and showing no disposition to associate 
with the larger form. This small form was described in 1851 by 
Dr. Fisher as a new species under the name Cicada Cassini i. Dr. 
Itiley, however, hesitates to receive it as a separate species 
because the differences presented by the male genitalia are not 
constant. He says “there are sufficient differences to separate 
the two forms as distinct; but while the hooks of the large kind 
(septemdecim) are quite constant in their appearances, those of 
the smaller kind ( Cassinii ) are variable, and in some few specimens 
are indistinguishable from those of the large kind. This cir¬ 
cumstance, coupled with the fact that the small kind regularly 
occurs with both the 17- and 13-year broods, would indicate it to 
be a dimorphic form of the larger, and only entitled to varietal 
rank ” 

I consider this case as of equal interest with the previous one; 
for it is an example of complete segregation between the forms 
of one species through diversity in their instincts. Whether 
these divergent instincts are sexual or social may be a matter of 
question; but in either case they are effectual in preventing 
crossing. 

If future investigation shows that the. small form is often pro¬ 
duced directly from the eggs of the large form, it will have but 
little claim to be regarded as a separate race; but even then, if 
the small form breeds only with its own kind, as has been 
reported by several observers, and if the offspring persistently 
'reproduce the characters of the parents, it will have to be con¬ 
sidered something more than a dimorphic form of the large one. 
It would, in that case, be a dimorphic form that is assuming the 

* United-States Department of Agriculture (Division of Entomology), Bul- 
n tin No. 8, p. 7. 
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character of a species. If tlie two forms were without segregative 
sexual and social instincts, then, with cross-fertility, the small 
form would be rapidly absorbed by the large form, which greatly 
preponderates in numbers ; and with cross-sterility the small form 
would rapidly become extinct; for, through the comparative 
scarcity of their numbers; the representatives of the small form 
would have but little chance of mating with each other. 

On the other hand, if the Sexual and Social Segregation is 
complete, it matters hut little whether tlie forms are mutually 
sterile, for the separate races or species will he protected by the 
Positive Segregation produced by the divergent instincts, even if 
the [Negative Segregation, depending on structural incompatibility 
and lack of physiological adaptation, is entirely wanting. It is 
only when associated with Positive Segregation that is partial in 
its results, that Negative forms of Segregation become important 
factors in the preservation of diverging forms. 

In animals that pair, Segregation through sexual and social 
instincts plays a similar role in giving pre-emptive power to the 
males of a given species over the females of the same species, that 
is played by Potential and Prepotential Segregation in organisms 
whose fertilizing elements are distributed by wind or water. In 
the one case Instinctive, and in the other Potential Segregation, 
arising between varieties of the same species, marks these varieties 
as being the initial forms of divergent species. 

This species presents another form of Segregation which is of 
much interest, though it has not yet resulted in forms that can 
be ranked as different races. I refer to the complete Cyclical 
Segregation that exists between the different broods of a given 
race appearing in different years. Of the 13-year race there are 
seven broods, and of tbe 17-year race fourteen. As an example 
of different broods occurring in the same region I would mention 
the two broods in the district of Columbia, one appearing in 1885 
and at intervals of seventeen years thereafter, and another ap¬ 
pearing in 1894 and at intervals of seventeen years thereafter. 
We have no means of testing the sexual or social instincts of 
these different broods, for they never appear in the same year. 
No one can say whether if they could be brought together they 
would be found as indisposed .to breed with each other as are the 
13-year and 17-year races. But, be that as it may, the two forms 
are as completely segregated as they can be, and the opportunity 
for independent, and therefore divergent, transformation is much 
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the same as that which exists between the 13- and 17-year races. 
Two or three of the States have but one brood each ; but in Ohio 
seven 17-year broods are reported, and in North Carolina one 18- 
year and six 17-year broods. I-judge, however, from the reports 
that, even in these last-mentioned States, there are but few places, 
if any, where more than three broods overlap. 

1 have not seen any discussion of the causes that have pro¬ 
duced these broods, but if we may believe that they have existed 
for a thousand generations, a possible if not probable cause is 
found in the unsettled conditions of climate that must have 
attended the brealdng-up of the great ice-periocl. During years 
of diminished cold, colonies may have taken possession of regions 
winch were too cold for their development at the return of the 

17- year period when the'offspring should have appeared; and 
still some of the benumbed and delayed pupae may have survived, 
making their appearance one, two, three or more years later, 
when conditions were more favourable. The following observa¬ 
tion referred to by Dr. lliley, in explanation of the accelerated or 
retarded appearance of sporadic individuals, throws some light on 
the origin of the different broods:—“That circumstances favour¬ 
able or otherwise may accelerate or retard their development was 
accidentally proven in 1868 by Dr. E. S. Hull, of Alton, 111., as 
by constructing underground flues for the purpose of forcing 
vegetables, he also caused the Cicadas to issue as early as the 2Gfch 
of March, and at consecutive periods afterwards till May, though, 
strange to say, these premature individuals did not sing. They 
frequently appear in small numbers, and more rarely in large 
iiumbers,'the year before or the year after their proper period. 
This is more especially the Case with the 13-year broodsThat 
climate has been an important factor in the. development of the 

18- and 17-year races is indicated by the fact that most of the 
districts occupied by the 17-year race lie north of lat. 38°, and 
most of those occupied by the 13-year race lie south of that iiue, 
though in Illinois there is a 13-year brood as far north as lat. 
40°. Dr. lliley has not referred to the coincidence, but it seems 
to me a fact of some interest in this connection, that the southern 
limit of the great ice-cap which covered Canada and the northern 
part of the United States during the Glacial epoch extended along 

U.S.-Department of Agriculture (Division of Entomology), Bulletin No. 8, 
p. 8, by C, Y. Biley. 
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an irregular line between the parallels of lat. 38° and 40°. Lying 
south of the ice-region there was probably a considerable belt of 
country covered with pines and other conifers not adapted to the 
breeding of this species, so that both races, if they then existed, 
must have been crowded into the southern portion of the region 
now occupied by the 13-year race. 

Instinctive and Cyclical forms of Segregation, such as cause 
the independent generation of the races and broods of this species, 
are usually associated with clearly developed specific distinctions 
relating to form, colour, and function. This does not, however, 
prove that the segregative divergence was subsequent to the 
general divergence in other respects; for if complete segregation 
continues for many generations it is likely to he followed by other 
divergences, and the divergent forms are then ranked as separate 
species. Moreover, the number of generations covered by the 
initial stage in which the different sections are only races is very 
small compared with those that are likely to be covered by the- 
stages when they are separate species and genera. It is only, 
therefore, by rare chance that we find two forms that are still in 
the earliest stage of divergence and are, at the same time, com¬ 
pletely segregated by constitutional differences. Again, segre¬ 
gative endowments are usually developed somewhat gradually; 
and while the segregation is advancing other transformations 
take place, so that by the time all crossing has come to an end 
the different sections have become well-marked species. Some¬ 
times, as in the case of the three species of Butterflies already 
considered, there is more or less crossing after the sections have 
become quite distinct species. Such cases, however, as are 
presented by the 13- and 17-year races apd by the different broods 
of this species of Cicada , show that complete segregation may be 
produced by tlie psychological and physiological constitution of 
different races, while distinctions of form, colour, and manner 
of call are entirely wanting so far as we can observe. This has 
seemed impossible to some naturalists, especially since Darwin 
has admitted that cross-sterility cannot be attributed to natural 
selection, and has therefore attributed it to the indirect effects 
of other qualities which have been produced by natural selection. 

The great contrast in this respect between the species of Basi- 
larclda and the 13- and 17-year races of Cicada septemdecim may 
perhaps be partially explained by the fact that the latter spend 
the greater part of their existence under ground, where the con- 
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tliiions have not been seriously changed since the close of tl»e 
last glacial period. Again, one generation of the 17-year ratio of 
Cicada covers a period equal to that of thirty or forty generations 
of the Basilarchia, bringing thirty or forty fluctuations of 
climate, food, <fcc. to the latter, while the former is, for the most 
part, protected from serious fluctuations. 

It is of course equally impossible to prove by all-inclusive obser¬ 
vations, either that transformation is never completely parallel in 
sections of a species that are prevented from crossing, or that inde¬ 
pendent generation long continued is sure to result in independent 
transformation, and therefore in divergence ; but it is of no small 
interest that we find in the 13-year and 17-year races of this 
species the strongest proof that there are sometimes divergences 
which our senses do not perceive. If onr senses were a sufficient 
test, it might be maintained that between these races a high 
degree of local and Cyclical Segregation has existed for many 
generations, without any other form of transformation having 
arisen to increase the divergence; but if our informants are 
correct when they tell us that these races do not cross when 
appearing in the same district and at the same time, we need not 
hesitate to affirm that there must be some distinguishing cha¬ 
racteristics by which those of one race are able to find each other, 
as well as segregative instincts which lead them to choose each 
other’s society; and, even if our informants are mistaken in sup¬ 
posing that cross-unions do not occur, there must be some form 
of incompatibility between the tvro races, resting on divergent en¬ 
dowments ; for otherwise we should find hybrid descendants with 
periods of more than 13 and less than 17 years* duration. 


Concluding Bemarks. 

Outline of the Argument in support of Hie Theory of Divergent 
Evolution through Cumulative Segregation . 

(1) The invariable experience of mankind in producing do¬ 
mestic races shows that Segregation is a controlling factor. The 
Segregation that produces domestic breeds and races is found to 
be of two kinds : first, that which is produced by men who 
designedly preserve the different styles of variation presented by 
one species, while at the same time they prevent them from 
crossing; and, second, that which commences in the indiscri- 
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ruinate division of tlie species into sections that are prevented 
from freely crossing through their being under the care of sepa¬ 
rate tribes of men, and which is changed into decided Segregation 
through the diversity of selection, or of some other transforming 
principle, to which the different sections are sure to be exposed ; 
for it is found that these principles when brought to bear on 
separated sections never produce completely parallel effects. 

(2) The paramount effects of Independent Generation having 
been, shown in the "broad fields of biological experiment presented 
by the domestication of plants and animals, the question is next 
raised whether species in a state of nature are subjected to influ¬ 
ences dividing the individuals of one species into sections that 
are prevented from crossing; and if they are, how far this Inde¬ 
pendent Generation involves Segregate Generation. 

In my paper entitled “ Divergent Evolution through Cuinil¬ 
lative Segregation 55 it was shown that there are many classes of 
activities by which the individuals of a species are thus divided, 
and that, in the majority of cases, the very process that separates 
them assorts them into classes with reference to one or more 
points of character; thus producing segregation that is com¬ 
pletely parallel in its character to the segregation that is designedly 
produced by the pigeon-fancier between his various breeds of 
pigeons. 

In the earlier half of the present paper I have shown that the 
indiscriminate division of the species, which often results from 
migration or geological changes, and sometimes from other causes, 
inevitably involves some Segregation; and whenever the trans¬ 
forming influences of the other factors of evolution begin to 
operate in the different sections, this initial Segregation is in¬ 
evitably intensified and the divergence increased; for it is in the 
last degree improbable that change produced by these principles 
of transformation in sections that are prevented from crossing 
should be completely parallel in the different sections, even when 
exposed to the same environments. Having shown that the 
forms of Segregation produced in nature are analogous to those 
produced in artificial breeding,— 

(3) lire last step is to show, as has been attempted in the 
latter half of the present paper, that the relations to each other 
of varieties, species, genera, and the higher groups aic such as 
would necessarily be presented if all such differences were the 
result of evolution that is always dependent on some form of 
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Segregation, but not always on diversity of natural selection, nor 
always on exposure to different environments. 

"We have found that persistent differences, whether varietal, 
specific, or generic, are not all adaptational, for some of them 
have no relation to utility ; and that adaptation^ differences are 
not all advantageous, for some of them relate to adaptations that 
would meet with equal success if the organisms should exchang« 
habitats ; but that in every case divergence, whether utilitarian 
or non-utilitarian, whether advantageous or disadvantageous, is 
not maintained without Independent Generation. 

Beply to Criticism. 

In view of the examples of divergence that have been discussed 
in this paper, I think I may state, as in my previous paper, 
416 It is therefore evident that the simple fact of divergence in any 
case is not sufficient ground for assuming that the divergent form 
has an advantage over the type from which it diverges ” A 
Mr. Wallace has criticised this statement, using the following 
words t:— et It seems to me that throughout his paper Mr. Guliek 
omits the consideration of the inevitable agency of natural 
selection, arising from the fact of only a very small proportion 

of the offspring produced each year possibly surviving.He 

omits from all consideration the fact that at each step of the 
divergence there was necessarily selection of the fit and less fit to 
survive ; and that if, as a fact, the two extremes have survived, 
and not the intermediate steps that led to one or both of them, it 
is a proof that both had an advantage over the original less 
specialized form.” But what if the type from which the new 
form diverges is surviving at the same time that the new form 
survives ? And what if both the forms are surrounded by the same 
environment which they use in different ways F Where then is the 
proof that the newer form has an advantage over the older form ? 
This was the class of facts I had been considering in the preceding 
paragraphs, which led to the conclusion criticised by Mr. Wallace; 
and instead of omitting “the consideration of the inevitable 
agency of natural selection,” it was the very thing I was con¬ 
sidering, as will be seen by referring to p. 213. I had pointed 
out, that when a segregated portion of a species exposed to the 

* Linncan Society’s Journal, Zoology, yoI. xx. p. 214. 
t Nature, vol. xxxviii, p. 491. 
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same environment changes its habits, learning to appropriate 
resources that had not been previously used, it becomes a new 
intergenerating group “ in tvftich a new and divergent form of 
natural selection is established but that the result of the diver¬ 
gence thus produced is not necessarily advantageous, and may 
for many generations he somewhat disadvantageous. As I was 
aware that many naturalists would consider it absurd to suppose 
that disadvantageous, or even non-advantageous instincts, ever 
persist and become the occasion of divergent selection, I re¬ 
ferred to Darwin’s opinion that sucli might be the case with 
sexual instincts, and that the progenitors of man were deprived 
of their hairy coat by sexual selection that was, in its earlier 
stages, disadvantageous. I am not aware that Darwin has ever 
attempted to show how divergent sexual instincts arise and be¬ 
come permanently fixed as distinguishing characters of varieties 
and species. “ The Advantage of Divergence,” the principle on 
which he relied to account for divergent habits, producing diver¬ 
gent natural selection, he never attempted to apply here; and, 
above all, when he believed the newer instinct to be either non- 
advautageous or disadvantageous, as contrasted with the older 
instinct, he certainly could not have attributed advantage to the 
resulting divergence. As I have pointed out on previous occa¬ 
sions, Darwin assumed a psychological divergence in the sexual 
instincts of a species in order to account for the divergence in 
their secondary sexual characters relating to form, colour, <&e.; 
and as there is no reason given why the psychological divergence 
should take place, or \vhy it should precede the change in form 
and colour, the theory of Sexual Selection, as presented by 
Darwin, is incomplete and unsatisfactory, especially in its rela¬ 
tions to divergent evolution. If he had thrown light on the 
causes of divergence in sexual instincts, he would have found the 
same or similar principles applicable to the explanation of diver¬ 
gence of all kinds. But my object in referring to his opinion here 
is to point out that he was free to admit that permanent diver¬ 
gence in sexual instincts may be non-advantageous, or even some¬ 
what disadvantageous ; and if this is true of sexual instincts, I 
do not see why it may not be equally true of industrial instincts. 

I think there is ample evidence that, when segregation has been 
established, divergence which is neither advantageous nor disad¬ 
vantageous often arises in industrial as well as other instincts, 
and that these instincts may introduce new forms of natural, 
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sexual, or social selection. The relations which exist between 
habits and their objects are in many species constantly varying 
in such a way as to constitute a series of experiments ; and when 
independent generation exists between different sections of a 
species, there is nothing to prevent divergence in the results of 
those experiments in the different sections, even when exposed to 
the same 'environment. 

in Darwin’s ‘ Posthumous Essay on Instinct,’ published as 
an Appendix to Eomanes’s ‘ Mental Evolution in Animals,’ on 
pages 378-381 mention is made of certain “ imperfections and 
mistakes of instinct/’ and of certain instincts “ that are carried 
to an injurious excess,” and of others that are e£ small and trilling.” 
Of the last-named he says :—“ I have not rarely felt that small and 
trifling instincts were a greater difficulty in our theory than 
those which have so justly excited the wonder of mankind; for an 
instinct, if really of no considerable importance in the struggle 
for life, could not be modified or formed through natural selec¬ 
tion.” After mentioning several which might perhaps be con¬ 
sidered trifling but are really of great importance to the species, 
he alludes to a few that seem to be “ mere tricks ” or “ habits 
without use to the animals.” Mr. Eomanes, referring to these 
cases, offers the following explanation on p. 275 of the same work 
(I quote from the Mew York edition, Appleton & Co., 1884) :—■ 
“ We have seen abundant evidence that non-adaptive habits 
occur in individuals, and may be inherited in the race. There¬ 
fore, if from play, affection, curiosity, or even mere caprice, the 
animal should perform any useless kind of action habitually...., 
and if this* habit were to become hereditary in the similarly con¬ 
stituted progeny, we should have a trivial or useless instinct.” As 
an example of a strongly inherited non-adaptive instinct in a 
wild creature may be mentioned the cackling of the wild hen of 
India after having laid an egg. This habit is referred to by 
Darwin as one that may be slightly detrimental; but all that is 
necessary to put it beyond the developing influence of natural 
selection is that it should fail of bringing advantage to the 
species; and that it is of no advantage will, I think, be generally 
admitted. If, then, species differ in regard to instincts that are 
non-advantageous, they are liable to present non-advantageous 
differences in form and colour, resulting either from the same 
causes that have produced the divergent instincts, or from diver¬ 
gent forms of natural, sexual, and social selection produced by 
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these instincts; it will, however, be found that Segregation is the 
cause, or at least the necessary condition, on which the divergence 
depends. 

In the present paper I have mentioned cases, representative of 
multitudes of others, in which there is divergence between two 
varieties or species occupying different districts, but surrounded 
by the same environments. In such cases, the differences pre¬ 
sented by the separate forms and the divergence by which the 
differences have been produced, cannot be regarded as advan¬ 
tageous ; for if the forms should exchange districts, the environ¬ 
ment being the same, no disadvantage would he experienced ; 
and this is equally true whether ihe differences relate to industrial 
adaptations, or to adaptations between the sexual instincts and 
the other secondary sexual characters of the group, or to characters 
that are absolutely non-utilitarian. 

Mr. Wallace says that, in my previous paper, he looks in vain 
for any proof that cumulative segregation produces cumulative 
divergence; but at the same time, he claims that the segregation 
of which 1 speak, and which I have illustrated by a supposed case 
in the breeding of pigeons, is a form of selection which he calls 
“ selection by separation.” Adopting his phrase for the moment, 
I understand that he fully admits that in domestication “ selection 
by separation ” will produce divergence. Does he then doubt 
that the same process produced by natural causes will result in 
divergence ? Or does he deny that Ci selection by separation ” 
ever takes place in nature P He will probably grant that when¬ 
ever natural causes act upon the representatives of a species in 
such a way that in each generation those presenting one style of 
variation are led to breed together and are prevented from breeding 
with other kinds, there divergence will certainly follow. This is 
what I call Segregation. That without it there is no cumulative 
divergence, and that with it there is always divergence, is amply 
proved by the universal experience of man in the domestication 
of plants and animals. All that is lacking is the consistent 
application of our knowledge to the theory of evolution. 

Segregation is a process of much deeper significance than 
indiscriminate isolation, with which he seems to confound it ; and 
one which in nature arises from a wide range of causes, some 
of which I have pointed out. But isolation without assortment 
of the forms according to any principle by which those of a kind 
are brought together, is often transformed into Segregation by 
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the operation of the principles of transformation in the isolated 
sections of the species. This change is often brought about by 
the difference of the environments to which the organism is exposed 
in the isolated areas. This one form of Segregation has been 
clearly jpointed out by Darwin, though he did not recognize segre¬ 
gation as a necessary condition for divergence. There are, how¬ 
ever, many other ways in which nature produces a similar result, 
Some of these are operative when the organism is distributed in 
isolated districts but surrounded by the same environment, and 
some of them have to do with the development of non-adaptative 
divergences, which cannot come under the cumulative influence 
of natural selection. 

It thus appears that Independent Generation co-operating with 
Natural Selection is one form of the wider principle of Segre¬ 
gation, which, in its many forms, is the ever present condition 
preceding cumulative divergence. Whatever divides the repre¬ 
sentatives of a species in such a way that those of a kind are 
made to intergenerate while prevented from intergenerating with 
other kinds is a cause of Segregation. This is my definition of 
Segregation; and my theory is that whatever causes Segregation 
causes divergence, and without Segregation there is no cumulative 
divergence. Now, in order to refute the theory it is necessary 
to show either that Segregation does not take place in nature, or 
that it is not accompanied by divergence, or that divergence takes 
place -without Segregation. As Mr. Wallace has not attempted to 
prove any one of these counter propositions, I think his criticism 
is aside from the main issue. Even if my paper presents c< a body 
of theoretical statements” with “no additional facts,” this does 
not show that the theory is incorrect or the new use of the old 
facts unimportant in the explanation of divergent evolution. 
c The Origin of Species ’ was filled with new theories applied to 
old facts. The importance of Cumulative Divergence through 
Cumulative Segregation, if a fact, is admitted. Is it a fact ? is 
then the question that needs to be, discussed; hut, if Segregation 
is supposed to be no more than Isolation, the discussion will be 
of little avail. 

In the Journal of the Eoyal Microscopical Society, 1889, part i. 
pages 33-4, will he found an appreciative, though a very brief 
review of my theory, closing with the suggestion that fuller 
elucidation is needed of the alleged tendency in nature to trans¬ 
form separation, when long continued, into increasing segregation 
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and divergence. Want of space in r my first essay made it neces- 
sary to postpone the full discussion of this part of the theory ; 
but in the present paper I have sought to point out some of the 
more manifest principles on which this general law of Intension 
rests. There are undoubtedly other principles of transformation, 
which, when combined with separate breeding, inevitably produce 
divergent instead of parallel evolution; but the principles pointed 
out in this paper are sufficient to establish the general tendency, 
and to show r that natural selection is by no means the only prin¬ 
ciple on which the law rests. If we could obtain sections of a 
species presenting exactly the same average character, and if we 
could prevent all the principles of transformation from coming 
in to aid in the process,.separate breeding under such conditions 
would perhaps never produce divergence ; but, as separation never 
produces exactly equivalent sections, it always tends to introduce 
transformation, through changed or unbalanced action in prin¬ 
ciples that would otherwise be unchanged and balanced in their 
action and therefore without transforming influence, and trans¬ 
formation in the separated sections inevitably becomes divergence. 
We thus gain an explanation of the fact that Isolation, even when 
accompanied by exposure to the same environments, usually in¬ 
troduces divergent forms of Selection, natural, sexual, social, or 
dominational, and often new effects from the action of other 
principles." Independent G-eneration precedes and determines 
the possibility of the divergence, and if it is segregative, it also 
determines in a measure the form of the divergence; but if it is 
simply separative, the form of the divergence depends on some 
other principle or principles. 


xiPPEXDXX. 

Construction of the Per mutational Triangle , 

In the last chapter of my paper on “Divergent Evolution 
through Cumulative Segregation 55 (p. 250) I referred to the 
Permutatioual Triangle, which I had constructed to facilitate 
the solution of a problem there raised in regard to the degree 
of probability of extinction that would, under certain conditions, 
result from Segregate Eecundity. The first four lines of the 
table were obtained by direct observation on the permutations 
of letters arranged to represent the pairing of animals entirely 
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lacking in instincts or qualities that secure the pairing together 
of those of one kind. 

For example, let A, B, C represent three females of three 
varieties of pigeons, and a, b, c three males of the same varieties, 
all occupying one aviary. Now supposing they are devoid of 
Segregating instincts, and that they all pair, what are the pro¬ 
babilities concerning the pairing of the males with their own 
kind ? These will be clearly shown by arranging the letters 
representing one of the sexes in one fixed order, placing the letters 
representing the other sex underneath in every possible permuta¬ 
tion of order. If we make six experiments the ABC 
probability is that in 2 cases none, in 3 cases a h c 

one, and in one case 3, will pair with their own a e b 

kind. These numbers constitute the four terms cab 
of the third line. The first, second, and fourth b a c 

lines were constructed in the same way, but for b c a 

the construction of the tenth line in this way I c b a 

estimated that several years of constant writing would be required. 
The remaining lines here given were therefore constructed ac¬ 
cording to the following rules, which were discovered by studying 
the first four lines. The discussion of different methods of con¬ 
structing the Permutational Triangle, and the interesting pro¬ 
perties of the same when constructed, must be deferred; but I 
may say here that I believe it will be found an important instru¬ 
ment for estimating a large class of probabilities. 

One method of constructing any line of the Permutational 
Triangle from the preceding line . 

(1) Of any given line, any desired number, except the first, 
may he obtained by multiplying the preceding number of the 
preceding line by the factor of the given line and dividing tiie 
result by the figure marking the degree of correspondence of the 
column of the desired number. (2) The first number of any line 
is one less or one more than the second number of the same line, 
according as the factor of the line is an odd or an even number. 
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I. On the Arteries of the Inferior Mesenteric Series , in the 
Iehthyopsida . 

The alimentary canal and its appended glands in the Plagiostome 
fishes receive their arterial supply from three or more trunks 
arising from, the dorsal aorta (Plate I # , ao fig. 1). Of these, the 
least variable are those which form the extreme anterior and 
posterior members of the series as hitherto described (ef figs. 7, 
m„, iv., v.), viz. the so-called coeliac and inferior mesenteric 
arteries. In addition to these there are usually present two 
arteries which, unlike the rest, are paired, being derivative of 
the iliac vessels {an., fig. 2) ; these, the paired nature of which 
has not before been detected*, pass directly back-wards and 
inwards to reach the posterior wall of the cloaca, in a manner 
suggestive of the hypogastric arteries of the higher Yertebrata. 
The vessels alluded to above as “hitherto described” are so well 
known, and their courses and distribution have been so fully 
dealt with by Monro, Hyrfcl, Parker, and others, that detailed 
reference to them here is unnecessary. The distribution of the 

* HyrtJ has recorded the presence of one (Raia ciavata) on the left side 
only (18. p. 30). 

LINN. JOUBN.—ZOOLOGY, VOL. XXLII. 


27 










382 


PBOE. a. B. HOWES ON THE 


intervening arteries (tlie [anterior or superior] mesenteric, 
lieno-gastric, ancl anterior spermatico-mesenteric, of authors) * * * § 
may for the present pass without further comment; the accom¬ 
panying figures show them (a*sm.) to be variable in point of 
origin and in mutual relationship j not so, however, with the so- 
called inferior (posterior) mesenteric (a.sm. of fig. 1), That 
vessel invariably arises, in Batoids and Selaeboids alike, some 
distance in advance of the processus digitiformis and so-called 
rectum ( dv 1 ' and id. of fig. 1); it lies within the suspensory 
ligament of these structures and passes obliquely backwards and 
downwards, to reach the first named of them: on doing this it 
breaks up to form an elaborate system of vessels which are 
restricted to the appendix and to portions of the gut imme¬ 
diately adjacent (of. fig. 1). In the long-bodied Selachoids 
this vessel usually supplies the above-mentioned parts alone; 
in some of them, however (ex. Mustelus [Parker, 27. p. 701]), as in 
the laterally extended Batoidei f, it sends branches to the genital 
glands, as is expressed in Parker’s term “ posterior spermatico- 
mesenteric” applied to it J. Be the branches and facts of dis¬ 
tribution of this artery’ what they may §, its main trunk is invari¬ 
ably disposed as above described; it is primarily related to the 
posterior segment of the intestine with its appendage, and its 
most striking feature is its constant origin at a point remote from 
these anteriorly—consequent upon which it takes the said back¬ 
ward course. 

I have recently published elsewhere || some observations in 
ichthyotomy that have extended over several years, in connection 
with which I have had occasion to inject a large number of 
Skate. While doing so, my attention became arrested by the 
occasional presence of one or more arteries passing from the 
dorsal aorta to the intestinal canal posteriorly to the region 
alluded to above, in addition to the paired vessels already de¬ 
scribed (ante, p. 381). The only mention of such vessels which I 
have been able to find is one by Hyrtl for the Torpedo , in which he 

* Of Hyrfcl (18), Parker (27), and Marshall and Hurst, ‘ Practical Zoology/ 
ed. 2 (London, 1888), pp. 234 et seq. 

t Of. fig. 1, a. g, } and Parker’s * Zootomy,’ p. 62, fig. 20. 

t 27. p. 701. 

§ It distributes branches into the suspensory ligament which lodges it; and, 
from these, twigs may pass to the genital ducts, especially in the female. 

|| Journ. of Anat. and Phvs. vol. xxiv. (n. s, vol, iv.). pp. 407-422 (1890). 
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describes (18. p. 13) a single very small artery arising imme¬ 
diately in front of the crural vessels and becoming distributed to 
the cloaca—together with the hinder ends of the kidneys and 
related vasa deferentia. 

PL L, fig. 1, represents the parts concerned in one of my 
specimens (Baia clavctta , adult $ ), as dissected from the side after 
injection with French blue. The cloaca of these animals (cV) 
becomes, as is well known, greatly modified—especially in the 
female—in relation to the genital ducts (od .); these approximate 
posteriorly in relation to a chamber (oviducal recess, cl"') formed 
by partial subdivision of the cloaca. The arteries in question lay 
(a.im.) immediately in front of the approximated ends of the genital 
ducts ; they arose between the kidneys, the anterior one leaving 
the aorta at about the middle of these organs *. These vessels 
lay, like the so-called posterior mesenteric (a.sm.), in the folds of 
the suspensory ligament of the so-called rectum; unlike that, 
however, they passed (not obliquely backwards but) directly 
downwards, at right angles to the long axis of the body. The 
distance between them was far less than that between the 
anterior one and the so-called posterior mesenteric. I have, in 
two instances, detected the passage from the extreme base of the 
aorta, immediately before the point of origin of the iliac vessels, 
of a couple of very delicate trunks for the post-eloacal wall 
(a.im., fig. 1). Similar vessels may he present in Acanthias ; 
they arise in the immediate vicinity of the bases of the kidneys, 
and reach the cloaca posteriorly to the genital ducts. 1 take 
them to be the homologues of that vessel referred to by Hyrtl 
in Torpedo , Neither set of arteries supplied (with the exception 
named above), so far as I was able to ascertain, anything but 
that portion of the intestinal canal immediately adjacent to its 
point of origin. 

. It is clear from the foregoing that any comparison which shall 
now or in future be instituted between the arteries of the 
posterior portion of the Skate’s intestine and those of the corre¬ 
sponding parts in other Yertebrates must take into consideration 

* In one specimen observed, the anterior renal artery of the exposed side 
arose at this point together with the intestinal vessel named, from a common 
trunk. I am indebted to my demonstrator, Mr. M. R Woodward, for the 
knowledge of a specimen (Baia metadata, 5) in which the posterior renal 
artery of either side gave off a vessel to the cloacal wall, a short distance 
behind the oviduct. 


2 ^ 
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two sets of trunks—tin anterior set (the so-called inferior 
[posterior] mesenteric) (a.sm., fig. 1), arising in advance of the 
gut and passing obliquely backwards; and a posterior set, arising 
in the immediate vicinity of the gut and passing directly down¬ 
wards. The alimentary tract of the higher Yertebrata receives 
its arterial supply from two sets of vessels—an anterior set (the 
c celiac and superior mesenteric arteries), which arise close 
together or from a common trunk ; and a posterior (the inferior 
mesenteric artery or arteries), which arise far back and pass 
either directly downwards or but little obliquely backwards or 
forwards. These well-known facts at once suggest homology 
between the smaller vessels which I have herein described for 
the Skate (adm. of fig. 1) and those of the inferior mesenteric 
series as ordinarily understood. The lack of oblique disposition 
is not, however, the only distinctive feature of these vessels. 
Those arteries known in the higher Yertebrata as the inferior 
mesenteric are so called from at least an analogy to the single 
vessel to which the term was first applied in mammals The 
inferior mesenteric artery of the Mammal supplies the rectum and 
the posterior section of the colon alone—it supplies, that is to 
say, the posterior portion of the large intestine; be this viscus 
relatively short (as in the Cat and Dog), or relatively long (as 
in the herbivorous mammals), the trunk of the inferior mesenteric 
artery never undergoes marked displacement, either in a back¬ 
ward or forward direction. Such adaptive change as this vessel 
exhibits is of the nature of an extension of its branches along the 
dorsal wall of the gut, without displacement of its main trunk. 

That the above remarks apply equally to most Aumioia can be 
readily proved on appeal to the works of leading authorities. 
Among the lehthyopsida, however, the recognition of a similar 
condition of the arterial supply has, to a great extent, escaped 
notice. To take a leading example, i. e. the Common Prog. 
In that animal, as is well known, the alimentary. canal receives 
its arterial blood for the most part from af sifiglc coeliaco- 
mesenteric trunk; this supplies that viscus with its appendages 
from the post-oesophageal region to the middle of the large 
intestine (of Wiedersheim 8. Abth. ii. pp. 76-77). There 
arises from the aorta, almost immediately in front of its point 

* It is said to be absent in the Did&phia (Owen, 25. p. 541) and Monotre - 
Mata (Owen, 24. p. 301); Hyrfcl denies this (17. p. 7) for Ovnithorhynchus, 
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of bifurcation, a well-marked vessel (a Am. fig. 4 a, im. iii. fig. 2), 
which passes directly downwards, or but little obliquely back¬ 
wards, for distribution to the immediately adjacent wall of the 
large intestine. That viscus (i.l.) is in this animal, as in the 
Ichthyopsida generally, very short; and the vessel in question 
supplies its posterior half—supplies, that is to say, that portion 
of it which in the Mammalia becomes differentiated into at least 
the rectum; it has been termed by Wiedersheim, who first 
described it (8. Abth, ii. p. 77), the “ Arterie mesenterica inf \ 
oiler A. licemorrhoidalis superior^ and by Marshall. (22. p. 29) 
the “ hemorrhoidal artery T Inasmuch as it agrees, in every 
detail, with the inferior mesenteric artery of the Mammalia and 
higher Sauropsida (and especially with that of man to which the 
term et inferior mesenteric ” was first applied), it must be 
similarly named An unfortunate confusion has arisen be¬ 
tween its main trunk and the superior hemorrhoidal artery of 
the higher Amniota, which is hut a branch of its homologue; and 
the burden of proof that it represents this branch alone lies with 
those who have, as I believe, wrongly identified it. 

Turning from the Frog to the Salamander, we find usually 
four such vessels represented (a.im., fig. 5). These “were first 
described by Hyrtl +, and subsequently by Eusconi (30. pi. vi, 
fig. I), who confused them with the efferent veins of the cloaca; 
he, however, figured them with perfect accuracy, and they have 
been more recently diagrammatically represented by "Wieder- 
sheim (33. p. 715, fig. 550 b). Hyrtl has described in Proteus , 
Siren {l. c.), and Cryptobranchits (19. p. 109) a series of vessels 
having similar relationships. On examination, these arteries 
are seen (fig. 5, a Am.) to agree, in origin and distribution, with 
the inferior mesenteric artery of the Frog and of the Amniota 
on the one hand, and with at least the anterior two of the four 
vessels herein described for the Elasmobranchs on the other. 

In all these animals individual variations affect, among other 
parts, the arteries under consideration; and, in the case of the 
Frog, the former have hitherto escaped notice. Fig. 3 combines 
the invariable condition met with in that animal (aAm. iii.) 

* Wietlersheini figures it (op. cit . p. 77, fig. 07), in error, as distributed to 
the urinary bladder. I have never observed this arrangement. The allantoic 
bladder of the Amphibia receives its arterial supply, as does its homologue 
among the Amniota, from the iliac vessels. 

t Of. “ Lepidosiren paradoxa” Prag, 1845, p. 39. 
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with such variations as 1 have from time to time observed 
i. ii.). In one specimen (an adult $) there arose from the 
aorta, a short distance in advance of the artery (iii.) normally 
present, a single trunk (i.); this gave off, soon after its origin, a 
small branch to the oviduct of the left side, but its main trunk 
ran on to be distributed to the immediately adjacent wall of the 
large intestine. In two other examples (both males) I have 
noted the presence of two arteries (ii.) which, like the foregoing, 
passed at once to the adjacent intestinal wall; they differed 
from the last-named only in their relative slenderness, and in 
their exclusive restriction to the large intestine. The identity of 
these vessels with those of the Salamander is most striking, 
and when the parts under consideration in these animals 
and the fish are (as delineated in PL I. figs. 1, 3, and 5) 
reduced to the same size, the point of origin of the anterior of 
the series is seen to coincide throughout. Wiedersheim speaks 
of these vessels (33. p. 715) in the Salamander as arteries of the 
rectum (‘ Mastdarm ’): in that they supply the greater portion 
of the large intestine, this term is insufficient—for, on the 
assumption (which can hardly be open to doubt) that the large 
intestines of the Amphibia and Amniota are homologous, they 
supply that section of the same which, in the ascending series of 
Tertehrata, becomes differentiated into the rectum and greater 
portion of the colon. Here the mind again reverts to the 
Mammal, and demands the declaration of homology between 
these vessels and the inferior mesenteric artery of it and of the 
higher Anmiota, as the logical sequence to the facts. 

The area of distribution of the single inferior mesenteric artery 
of the higher types being shown to coincide with that of the 
series in the Amphibia (and Thornback), the question immediately 
arises whether the condition of the first-named may not have 
arisen, either from a collecting together of the several trunks, or 
from atrophy of certain of the same, wholly or in part. The 
leading branches of these vessels usually lie, in the Salamander 
(fig. 5), along the dorsal middle line of the intestine; they there 
anastomose freely to form a generally well-defined longitudinal 
vessel, from which the side branches arise. In view of this, the 
obliteration of, say, the three anterior trunks of the series, between 
the aorta and the intestinal wall, would give us a condition 
identical with that of the higher types (cf. ante, p. 384) ; and it 
is conceivable that that realized in the latter may have arisen iu 
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some sucli manner. I have met with individual Salamanders in 
which the arteries in question were reduced in number. The 
most striking example was one in which two, instead of four, 
main trunks were represented (fig. 6, aim.) ; of these, the 
anterior one occupied the position and had the relationships of the 
anterior of the four more normally present, while the posterior 
one coincided in origin with the normal second artery, but par¬ 
took of the distribution of the posterior three usually present 
(cf. fig. 5). These facts appear to me to indicate an origin of the 
single artery of the higher forms by concrescence such as I have 
postulated; and, in further support of a belief in the same, 
attention may be directed to the greater calibre of the posterior 
of the two arteries (fig. 6) in the Salamander *, and to an indi¬ 
vidual Frog ($, fig. 4), in which the single artery present 
suddenly divided almost immediately after leaving the aorta 
(ao). 

II. On the Arteries of the Coeliac and Superior Mesenteric 
Series , in the Ichthyopsida. 

I claim to have shown, in the foregoing, that those arteries 
which in the Iehthyopsida supply the posterior segment of the 
large intestine are serially homologous with the inferior mesen¬ 
teric of the higher forms, and that the leading feature of these, 
taken collectively, is the invariable disposition of their main 
trunks at right angles to the axis of the body. In respect to 
this they contrast most forcibly with the great arteries which 
supply the rest of the alimentary canal; those generally arise 
far forwards, either from a single trunk (cceliaco-mesenteric) or 
from two (coeliac and superior [anterior] mesenteric) or more 
(coeliac, lieno-gastrie, mesenteric, spermatico-mesenteric) trunks 
well known (cf. Hyrtl 18, Parker 27, and fig. 6, i. to v.). 

The terminal portion of the intestine of the Plagiostome fishes 
is well known (cf. fig. 1) to be destitute of intestinal valve ; it 
leaves the body in a straight line, becoming enlarged posteriorly 
to form the cloaca (cl 1 ). To this valveless segment of the gut 
Monro applied (23. p. 94) the term “ great gut,” but that of 
“ rectum ” has been since more generally allotted it, apparently 
on a supposed homology with the rectum of the higher Yertebrata 

* Wiederslieim figures an anastomosis between the third and fourth of the 
series (33. p. 715, pi. 550 b). 
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(i e., and more especially, of the Mammalia), Nearly all previous 
observers have agreed iu regarding it either as a portion or the 
whole of the large intestine. It is characteristic of that part of the 
large intestine which, in the higher Yertebrata, lies immediately in 
front of that related to the inferior mesenteric vessels, that its 
nutrient arteries arise at a point remote from it anteriorly (ef , 
ante, p. 884); exceptions occur (ex. Salamandra, PI. I. fig. 5), but, 
even in such, a wide interval is recognizable between the vessels 
in question and those of the inferior mesenteric series (a.im.). 
Either the posterior artery of this set (where more than two exist) 
or the most posterior branch thereof (where either one [Bana, 
most Teleostei] or two [Baid] exist) invariably supplies, in the 
higher Xchthyopsida and Beptilia * 9 the head of the large intes¬ 
tine, with a more or less considerable portion of the adjacent 
base of the ileum* That to which I here refer as the “ head ” of 
the large intestine includes so much of that viscus as is not 
supplied by the inferior mesenteric vessel or vessels (i. e . the 
short csecurn and that which in the Mammalia becomes the 
greater portion of the colon). 

On turning to the Plagiostome fishes, a considerable variation 
becomes manifest (fig* 7, i. to v.) in the number and arrangement 
of these vessels. There are never more than three present, as 
ordinarily enumerated; four are indicated in the accompanying 
diagram (fig. 7, iii., iv., v.), but the terminal one of the series 
is usually excluded from the category, having been likened by 
Hyrtl, whose nomenclature has been hitherto everywhere adopted, 
to the inferior (posterior) mesenteric. As such this vessel is 
customarily described. Herein there lies a contradiction ; for if 
it he true, as I claim to have shown (ante, p. 386), that the 
inferior mesenteric artery of the higher Vertehrata, with which it 
has been compared, is one of a series characterized, in all its 
variations, by the fact that its members do not arise at a point; 
anteriorly remote from that portion, of the gut which they supply, 
this vessel must he removed from that category, and the term 
H inferior mesenteric ” will become inapplicable to it. HyrtPs 
determination was based upon an examination of the vessels of 

* Qf* Hoffmann, 14. p. 1574. The term “inferior (posterior) mesenteric»» 
has here been applied to that which dearly represents the vessel so named by 
Hyrtl in the Elasmobranchs, those which represent the inferior mesenteries of 
the Amniota and Amphibia being termed rectal arteries (cf pi, cxxxv. fig. 1), 
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the Batoidei . On reference to fig. 7, ii., which represents the 
origins of these in the Thornbaek (Baia clavcita ), it will he seen 
that the coeliac (a.c) and superior mesenteric, as ordinarily 
described, arise far forwards and close together, as in the 
majority of the higher Yertebrata, and that the so-called inferior 
mesenteric (the right of the two lettered a.sm.) arises far behind 
them, in a manner certainly suggestive of the mammal itself, and 
such as might appear, were it true of all PJ agios tomes, to justify 
this comparison. In those Selachii of whose arteries we possess 
a sufficient knowledge, the coeliac and superior mesenteric 
arteries of the Batoids are represented by three trunks (fig. 7, 
iii. to v.—the coeliac ; superior, anterior, or anterior spermatico- 
mesenteric ; and the lieno-gastrie, of authors). In Acantldas the 
two last named arise far back (v.), in close proximity to that 
which Hyrtl likened to the inferior mesenteric trunk. 

Acantldas (fig. 7, v.) and Baia (ii.) represent the extreme 
terms in the Plagiostome series, so far as our knowledge of the 
arteries of their alimentary canal goes. The origins of the latter 
are indicated to scale in the accompanying figures, and it will be 
seen that there is a constancy of relationship between the coeliac 
and so-called inferior (posterior) mesenteric vessels—the latter 
shifts its position only in the Batoid, in which it is dragged 
forwards, as it were in sympathy with the superior mesenteric, 
which lies in close proximity to the coeliac 

Ho competent anatomist would hesitate to relegate the coeliac 
and superior mesenteric arteries of Baia (fig. 7, ii.), as ordinarily 
described, to a common category ; nor would lie, on first exami¬ 
nation of Acanthia$ (fig. 7, v.), hesitate to similarly associate the 
two arteries of the superior mesenteric series t with that termed 
by Hyrtl and subsequent writers the “ inferior mesenteric.” 
Herein lies the whole difficulty—are we justified in longer 
referring, with Hyrtl, the vessel in question (a.sm. of fig, 1), to 
the inferior mesenteric series P 

In Sci/Ilium (fig. 7, iv.) we meet with a condition essentially 
transitional between the two extremes above mentioned (Baia ii* 
and Acantldas v.) ? inasmuch as the superior mesenteric arteries 

* I suspect that the changes incident upon'the lateral extension of the body, 
with its attendant abbreviation from behind forwards, may be here active. 

1' I refer to these vessels as such for .brevity, and in no want of respect for 
either the work or nomenclature of my contemporaries, . 
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arise very nearly midway between the coeliac and Hyrtl’s c£ pos¬ 
terior mesenteric. 9 ’ The dotted line a—/3 of the figure will testify 
to the truth of the assertion that, with respect to the origins of 
these arteries, a gradational series is forthcoming among easily 
accessible forms; and, on the knowledge of that which has gone 
before, we should be justified in removing the so-called C£ inferior ” 
or “ posterior ” mesenteric artery of the PJagiostomes from that 
category, and relegating it to that of the superior mesenteric 
series. 

The inferior mesenteric arteries of those lehthyopsida least 
remote from the fishes ( i . e. the Urodela) are usually four in 
number, and 1 have attempted to show (ante, p. 387) that the 
reduction in number of these vessels met with among the higher 
forms (ex. Maim 1 to 3, Laceria 2 to 3, higher Amniota 1 or 
more) may, in all probability, have been due to modification of 
such a series by concrescence. In view of the variation of the 
coeliaco-superior-mesenteric arteries before referred to, one is 
led to ply the same question, viz.: may not they be the modified 
derivatives of a closely related series ?, That they are liable to 
concrescence at the present day cannot be doubted, since, in 
Aeanthias (fig. 7, v.), it occasionally happens that the mesenteric 
and lieno-gastrie trunks unite. Among the Urodela we meet 
with a condition of the arteries of the coeliaco-superior-mesenteric 
series in which (Salamandra, fig,, 5) the several trunks lie (a.cm.sm.) 
closely aggregated side by side. The most recent account of these 
is that given by Wiedersheim (33. p. 175). Hyrtl has long ago 
described them, as also a similar series in Proteus, Siren, and 
Cryptohranchus (c£. ante, p. 385) ; Hoffmann alludes to them 
(13. pp. 493-494) as the arteriie ££ gastrica anterior,” “ gastrica 
mesenterica,” and “ mesenterica primse et aeeessorhe.” Winder- 
sheim figures, in Salamandra, six main trunks; I find seven to 
be the usual number * (fig. 5, a.cm. sm .). .Be there six or seven 
present, the posterior one invariably supplies the bead of the 
large intestine; in its relationships to the inferior mesenteric 
vessels it stands identical with the so-called hemorrhoidal 
branch of the Prog’s superior mesenteric on the one hand, 
and with the so-called inferior or posterior mesenteric of the 
Plagiostomes on the other. The arteries of this very interesting 

* Hyrtl enumerates from 13 to 17 for the collective series in the Urodeles 
referred to. 
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Salamandrine series differ from the corresponding vessels of 
other Yertebrata only in the fact that their main trunks show hut 
little signs of forward displacement. In that they leave the 
dorsal aorta nearly at right angles to the long axis of the body, 
they approximate towards the condition of the inferior mesen¬ 
teric arteries (cf. ante, p. 388); there is, however, a very marked 
gap # between the two sets of vessels, and, of the two, the 
anterior are by far the most closely aggregated ( cf\ fig. 4). 
Fusion of these, more or less marked, would give us the varying 
conditions met with in the other Yertebrata. I have satisfied 
myself that reduction in their number, such as that figured by 
Wiedersheim (loc. cit .), results either from fusion of a couple 
of the anterior mesenteric trunks (a.sm.), or from confluence 
between the most anterior of these and the cceliaco-mesenteric 
artery ( a,cm .). In this we have evidence of a process of change 
identical with that to which the facts concerning the inferior 
mesenteric vessels appear to point (cf. ante, p. 387); taken in 
conjunction with that above described in AcantMas (p. 390), it 
points unmistakably to the conclusion that the less numerous 
cceliac and superior mesenteric arteries of the other Yertebrata 
may have arisen (as I have attempted to show for the inferior 
mesenteric) from a more numerous series, by concrescence. If 
I am right in referring the posterior mesenteric artery of the 
Plagiostome fishes to this coeliaco-anterior-mesenteric series (and 
this, in the long run, is the leading conclusion for which I am 
contending, so far as the blood-vessels are 'concerned), Hyrtl’s 
observation (18. p. 13), that in Torpedo it is represented by two 
arteries which proceed side by side to the processus digitiformis 
and adjacent parts, is very welcome; for it suggests that in that 
which I would term the supernumerary vessel we may, in all 
probability, be dealing with the representative of one which 
has been lost in the allied forms. The arteries of this series 
vary in number, in the Salamander, from seven to six; in the 
knowledge of the fact discovered by Hyrtl they do so, in the 
Plagiostomes. from five to three ; and when it is seen that they 
are to-day showing signs of concrescence (cf. ante, p. 890), we are 
enabled to point to the existence of a gradational series which 
very strongly favours the conclusion that the vessels repre- 

* This appears to have been exceptionally marked in the individual figured 
by Wiedersheim (33. fig. 550 b). 
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sentativc of the same in the majority of living Vertebrates may 
have arisen, by concrescence, in a manner analogous to that of the 
allied inferior mesenteric set * Moreover, the retention, among 
the tailed Amphibia, of that which would appear to be the lowest 
stage in the development of the intestinal arteries becomes the 
more interesting and suggestive in view of the lowly condition of 
the urinogenital organs of these animals +. 

From the foregoing I would deduce the belief (i.) that the lead¬ 
ing arteries of the alimentary canal of the Vertebrata .may be 
resolved into two well-marked series—(V) that (including the 
eceliac, superior or anterior mesenteric, lieno-gastric, and sper- 
matico-mesenterie arteries of authors, together with the so-called 
inferior or posterior mesenteric of the Plagiostomes) which I 
would propose to term the anterior splanchnic series; and (5) that 
embracing the inferior mesenteric arteries as herein defined 
(ante, p. 888), for which the term posterior splanchnic series may 
suffice; (ii.) that the two series of arteries are always separated 
by a more or less wide interval, which increases in proportion as 
each becomes modified by concrescence: and (iii.) that such modi¬ 
fication, although common to the two series, afiects the posterior 
one in the least marked degree $. The vessels of the anterior 
splanchnic series supply the alimentary canal and its appended 
glands from at least the base of the oesophagus to the head 
ei the large intestine, where such can be definitely recognized ; 
while those of the posterior series are invariably restricted to 
the posterior portion of the large intestine (colon in part and 


* It is pertinent to remark here that examination of a series of individuals of 
our commonest lehthyopsida will generally reveal facts of similar significance. 
In the Gadulce it is the rule to find the eceliac and superior mesenteric arteries 
arising conjointly (ef. Johannes Muller’s ‘ Myxinoiden, 5 Fortsetzg. 8, pi. iii. fig. If?, 
and Stannius’s ‘Amit. d, Wirbelth.,’ Zweite Aufl, p. 245); hut individuals in which 
they arise independently daily reach our laboratories (of, Parker, 'Zootomy/ 
p. 118, fig. 82), Similarly, individuals of the common Frog occasionally present 
themselves in which an identical condition may be seen (ef. Huxley & Martin’s 
4 Practical Elem. Biology/ revised ed. 1888, p. 87). 

t Of. Balfour, et On the origin and History of the Urinogenital Organs of 
Vertebrates,” Pourm Anat. & Pbys. vol. x. p. 28 (1876), and Pungersen [20], 
pp. 192 et seq, 

J The facts obviously suggest a likeness to the metamerie symmetry of the 
offshoots of the intestinal vessels of the segmented worms; but further specu¬ 
lation under this head would be now premature. 
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rectum, when differentiated, with the cloaca). The posterior 
series appear to be wanting only when (espec. Teleostei , Mar- 
supialia') the anterior splanchnic ones supply the entire viscus. 
Whether this condition results from the suppression or absence 
of the posterior series, or from anastomosis between it and the 
anterior, there is, at present, no evidence to show, I have 
examined a large number of Teleostei, in vain, in the hope oi 
finding, in that order, a more general development of the inferior 
mesenteric trunks, as defined by myself. 


III. On certain Appendages of the Intestinal Wall of the 
Ichthyopsida , in relation to their Arterial Supply . 

If the foregoing considerations are sound, it null follow that 
the so-called inferior mesenteric artery of the Plagiostomes 
(i a.sm fig. 1) really represents that vessel (the posterior vessel of 
the anterior splanchnic series) which is normally distributed to 
the head of the large intestine with its adjacent parts, in the 
higher Yertebrata. If this be so, that which we, in the Plagio 
stome fishes, customarily regard as the rectum, would appear to 
represent the entire large intestine together with a portion of 
the small one, as defined for the terrestrial Yertebrata. 

The most conspicuous structure present in this region of the 
Plagiostome’s gut is the processus digitiformis # {dv\ fig. 1). On 
comparison with the Frog f (fig. 4) or with a Lizard J, this struc- 


* Belter known as the ** rectal gland ” ( ki bursa cloacae ” of Itetzius). I 
prefer to exclude these terms from the text, for reasons which the sequel will 
show. 

t That the Frog possesses a rudimentary caecum is at once clear on com¬ 
parison with a Lizard. If the head of the large intestine be opened from the 
side, as represented in fig. 3, it will be seen that the ileum enters that viscus 
from below; a line drawn vertically through the valvular extremity of the 
ileum will pass behind an overhanging enlargement of the antero-dorsal wall 
of the large intestine, and that this represents the cmcum coli is clear on con¬ 
sideration of the well-known facts of morphology of that structure. 

The discovery of the Frog’s crccura lias been attributed to myself, in error 
(Wiedersheim [33], p. 564). I was the first to figure it (* Atlas of Practic. 
Elem. Biology,’ 1885, pi. 1. fig. 13); it was originally described by Huxley in 
Huxley and Martin’s * Elem. Biology,’ original ed, p. 166 (1875). 

+ Of. Parker, ‘ Zootomy/ p. 164 and fig. 40. 



394 


PROS', a. B, HOWES OK THE 


ture, when viewed in relation to the intestine on the one hand and 
the arteries on the other, is found to answer precisely to the 
appendix vermiformis of the Mammalia. Like that, it forms a 
glandular appendage to a diverticulum of the mid-dorsal intes¬ 
tinal wall; like that, it receives its arterial supply from the most 
posterior offshoot of the superior mesenteric artery. There is 
here raised the most revolutionary point in my investigation; 
and the suggestion would appear, at first sight, to be negatived by 
the mode of origin of the diverticulum in question in the Pla- 
giostomes, from the middle instead of the anterior extremity of 
that which, in them, we are accustomed to regard as the rectum 
or large intestine. It must not he forgotten, however, that the 
application of the terms “ rectum ” and 44 colon 55 to the intestines 
of fishes implies only a conception of rude analogy to the parts 
so named in the Mammalia. 

The appendix digitifomis consists of either a digitiform, as its 
name implies (PI. II. figs. 8-14), or a slightly coiled structure 
(Birina, fig. 15), which communicates with the gut by means of a 
more or less well-marked duct (dv'). It has been described in a 
general way by various observers for different genera and species*; 
but neither the gland nor its duct have thus far received the atten¬ 
tion which they merit. That the gland arises as a diverticulum 
of the intestinal wall is clear from the researches of Blanchard 
(2) f. The intestinal spiral valve of the Plagiostomes usually 
terminates at a point remote from the origin of this appendix 
digitiform is and its duct (ex, Bam, fig. 1 , v.i.). Parker has re¬ 
corded (26) for the valve, in this and other Elasmobranchs, an 
astonishing range of individual variation in its mode of disposition 
and total area; he has failed, however, to lay sufficient stress upon 
the striking nature of the same in relation to its point of termi¬ 
nation posteriorly. In the adult Skate, for example, it may either 
terminate at a point much farther forwards than that represented 
in fig, 1 (cf, Parker, l. c. pi. 10. figs. 1 <fc 8), or at that marked * 
in the same, thus diminishing the distance between its posterior 
extremity and the orifice of the duct of the appendix digiti- 
formis. In JSfoiidanus ( Heptanclms ) the valve extends still fur¬ 
ther back, and terminates, in a slightly interrupted but exceed¬ 
ingly definite manner (fig. 14, z?i.), immediately in front of the 

* Bor resume see Diimeril (7), pp. 157,158. 

t My attention was first drawn to this paper by my friend Dr. Hans (iadow. 
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orifice just alluded to * ; while iu Cestracion it does so at a point 
situated lineally with this below. 

That the spiral valve performs an absorptive function can 
hardly be doubted after the investigations of Edinger (9. p. 678) 
into its histological structure. That segment of the intestine 
which bears it comes thus to represent most nearly the ileum f 
of the higher Verfcebrata; and, inasmuch as the valve may extend 
back to the point of origin of the £< duct ” of the appendix digiti- 
fortnis (dv\ fig. 14), that portion of the gut lying immediately in 
front of the latter can consequently be most satisfactorily com¬ 
pared only with the small intestine. The application to it of 
the term “ rectum ” is no longer justifiable ; and the above facts 
warrant the restriction of the term “ large intestine ” to so much 
of the gut as is situated behind the duct referred to (= that 
portion embraced by the lines radiating from LI. in fig. 1)* If 
this he admitted, the comparison, before instituted (ante, p. 394), 
between the appendix digitiformis and its duct and the appendix 
vermiformis aud caecum, becomes vastly strengthened, and these 
two sets of structures may justly be alike regarded as median 
diverticula of the antero-dorsal extremity of the large intestine. 

Parker’s researches show (26), when looked at critically, that 
the spiral valve varies, among Elasmobrancbs generally, in 
nothing more conspicuously than in its degree of abbreviation 
from behind forwards. The belief in the primitive characters of 
the living JSfotidanida is becoming more and more justifiable 
from the researches of palaeontologists J ; and we may therefore 
attach a special importance to the great development of the 
spiral valve in Heptanchus (ef. ante), as it furnishes us with a 
condition from which, so far at any rate as backward extension 

* Such does not appear to be the ease in the allied Chlamydoaelache. Cj\ 
German (10) and Gunther (11). 

t Home alluded to it (15. p. 391) as the “ jejunum/’ It is exceedingly 
unfortunate that in students’ books current it should be spoken or as the 
“ colon” (Marshall and Hurst’s ‘Junior Course in Practical Zoology/ed. 2, 
1888, p. 219). 

t Qf. A. S. Woodward, P. Z. 8. 1886, pp. 218-224, and Geol. Mag. dec. ill. 
pt. iii. 1886, pp. 205 et seq. 

Haswell has still further emphasized the belief, in Ms proposal (Trans. Linn. 
Soc. 3N. S. W. vol. ix. pt. i. p. 44, 1884) to subdivide the Selaehoidei, in accord¬ 
ance with the great diversities in their skeletal anatomy, into the two suborders 
of the Palmselachii (.Nbtidanida ) and NeoselacMi. 

It is worthy of remark that the spiracular gill of these Sharks, although a 
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is concerned, there may be derived that met with in all other 
living Plarjiostomi. 

It remains now to consider, more closely than heretofore, the 
differences and resemblances between the appendix digitiformis 
and its “ duet 55 and those structures to which the terms caecum 
coli and appendix vermiformis have been applied. The appendix 
digitiformis lies to the left side of the valved intestine, as pointed 
out by Blanchard (2. p. 190)and its apex is, in the adult, 
usually directed towards the animal’s right. Examination of it 
in relation to the lumen of the gut shows it to be, however, a 
derivative of the mid-dorsal intestinal wall. On opening the 
body-cavity from the ventral aspect in the Common Skate, the 
structure in question is seen to occupy the interspace between 
the pyloric sac of the stomach and the adjacent intestine, and to 
be disposed lineally with the former. Anteriorly it is received 
into a notch in the posterior border of the pancreas. Such may 
be the disposition of the caecum among certain of the higher 
Yertebrata, and in Bana and Lacerta that organ, if examined 
with sufficient care, may generally be found to lie at or towards 
the side t. 

The appendix digitiformis audits tA duct ” are, like the appendix 
vermiformis and cm cum coli, extremely variable in development 
in even allied forms $. Figs. S to 14 represent the former in 


** pseudobrauck ” as recently defined by Sagemahl (MorphoL Jaltrb. t x. 1885, 
p. 113), has just been shown by Virchow (Verhandl. cl. physiol. Gfescllseh, 
Berlin, 1889-90 [Archiv. f. Anat, n. Phys., Phys. Abtli. 1890, pp. 170 and 178 
€t scqq.J) to differ from that of all other Chondrichthyes in having the essential 
structure and the capillary networks of a true demibranch ; and it is difficult 
to believe, in view of his researches, that it can be other than respiratory in 
function. 

* In Lttuiargit& this is so markedly the case that the suspensory mesentery 
of the gland shifts its position, and becomes attached obliquely across the 
an tero -dorsal moiety of the same. 

f This fact would appear to account for the representation of the same as a 
diverticulum of the ventral wall of the gut (cf\ liana [Marshall, 22. p. 27, 
fig. 5] and Aniphisbana [Bedriaga, 1. pi. iv. fig. 2]). 

$ Blanchard has directed attention to this (2. p. 182) so far as the appendix 
'digitiformis is concerned. He gives as the minimum length observed 0*8 centim. 
{CMUmjlliuni plagmum, length of body not stated). In a (l oceUatum of 
46 centim., recently captured by my friend Prof. A. C. Hadden in the Torres 
Straits, and by him generously placed at my disposal, the gland measures 
•0*6 centim. 
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typical examples, drawn to the same scale relative to the trans¬ 
verse diameter of the base of the adjacent intestine (a— j3 of PL II. 
lig. 14). These structures show, so far as I have been able to 
ascertain, little sign of individual variation ; the first noticeable 
features concerning them are (i.) that the length of the duct bears 
little or no proportion to either the length or bulk of the gland— 
the latter is most massive in Lcemargus (cfo'\ fig. 10), where the 
duct (dv) is shortest; and (ii.)that the maximum attenuation of 
the gland is not accompanied by that of the duct (cf. Acanthias, 
fig. 13, and 1 Yotidanus, fig. 14). This “ duct ” has been pre¬ 
viously best described by Home * and Blanchard, The last- 
named author regards it ( Acanthias , 2. p. 182) as a duplieature 
of the intestinal mucous membrane. It is more or less marked 
in all the Selachoidei which I have been able to examine; and it 
will be seen from the accompanying figures that it attains its 
greatest attenuation in JSfotidanus (fig. 14); between the con¬ 
ditions exemplified in this genus and in Lcemargus (fig. 10), 
taken as extreme terms in the series, gradational types present 
themselves in Sogllium , Gestmcion , and Acanthias (figs. 11, 12, 
13). On examination of these, the duct in question (dv 1 ) might 
readily appear to have been formed by a downward extension of 
a simple fold of the intestinal wall, such as that of Lcemargus 
(fig. 10). Lcemargus is remarkable for the possession of the 
most aberrant type of intestinal canal met with in living Pla- 
giostomes. Its duodenal segment is, unlike that of all other 
Elasmobranchs, tubular and flexed, and the bearer of a couple 
of enormous diverticula which Turner lias (31. p. 245) compared 
to the pyloric caeca of the Osteichthges ; its appendix digitiformis 
(fig. 10) is the most massive that has yet been observed; and, in 
view of the facts just named, it becomes doubtful whether that 
structure may not be in a much modified condition. 

In the Batoidei the processus digitiformis communicates with 
the intestine by a short non-constricted passage (dv\ fig, 1), 
little suggestive of the u duct ” of the Selachoids. Monro lias 
already figured this in Baia t, and I find an identical condition 
in Torpedo, Trggon , and the rare llgpnos subnigrum . Com¬ 
parison of figs. 1 and 3 at once suggests an homology between 

* He naively likened the apparatus (15. p. 392 [a. d, 1814]) ;i to the ink- 
bag in the 0uttie-fishes ” (of. his 16. pL xcviii.). 

t 23. pi. ix. fig. 2. 

LINN. JOUBN.—ZOOLOGY, VOL. XXIII. 28 
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this passage (which is in reality a wide funnel-shaped prolonga¬ 
tion of the gut) and the cieeum coli of the higher Vertebrata. 
Comparison of PL II. figs. 9 to 14 shows unmistakably that that 
prolongation (be its original significance what it may) lias become 
converted by constriction into the “duct” of the processus 
digitiformis of the Sharks ; aud suggests that the Batoidei in all 
probability retain a more primitive condition thereof than do the 
Selachoitlei of to-day. Attenuation of the “ duct ” has been seen 
{ante, p. 397) to be most marked in NoMclanus (dv\ fig. 14). 
Thanks to the generosity of Prof, Huxley, I have been enabled 
to examine a foetal JSfotidanus * measuring 15 centiin. in total 
length. In it the duct is much shorter and relatively wider than 
in the adult, and in no way bound down to the intestinal wall; 
it stands out from this in the manner indicated in fig. 8 {Zygoma 
malleus). In Zggcena this condition is retained; and it will be 
observed that it is just such as would result from elongation of 
the intestinal diverticulum of Baia (fig. 9) with accompanying 
constriction. Sonatina {[Bhma], fig. 15) is, in respect to this 
constriction, transitional between Baia and Zggcena. That the 
Selachoidei , in which this structure becomes most modified, pass 
through a stage such as is here represented is clear from the 
condition of the young Notidanid; and in the absence of further 
embryologieal data I can ouly conclude that the Batoidei do 
present us with the least modified condition of the parts, and 
that the duct-like base of the appendix digitiformis seen in them 
is the representative of a structure closely comparable to, if not 
homologous with, the ciecum coJi. ’Whether that portion of this 
“ duct ” which, in the Selachoidei, skirts the wall of the gut is a 
super ad ded passage formed from behind by a duplicatin'© of the 
mucous membrane, as Blanchard supposes (2, p. 182), has yet 
to be proved ; from the facts herein recorded, I incline to the 
belief that it is not, but that the apparent superaddition may have 
resulted from adhesion. 

The processus digitiformis is, as Dunaeril has remarked (7. 
p. 158), “ a true secretory organ.” Its secretory glands have 
been compared by Ley dig (21. p. 57) to those of Brunner, met 
with in the mammalian intestinal wall; and he calls attention to 
the “dirty yellow” nature of their product, Blanchard has 
attempted to institute (2. p. 181) comparisons between the secre- 

* That alluded to by.him in P, Z. 8. 1873, p. 44. 
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tion of this gland # and that of the 44 anal or circmn-anal glands 
of many higher animals; ” and he accordingly proposes to term 
it the 44 glandtda mperanalis ” (l. c. p. 182). To English students 
this structure is best known as the 44 rectal gland.” Blanchard’s 
researches seem to point to its origin as an outgrowth of the 
hypoblastic gut; those structures which we commonly term 
44 rectal 55 or 44 anal 55 glands, are associated with the terminal 
epidermal portion of the hind gut, and it is tolerably safe to 
conclude that from this they are developed. Proof that this is 
so does not appear to be at present forthcoming ; but the facts 
to which I have alluded warrant the withdrawal of the term 
44 rectal gland” in the ease of the Plagiostojni. 

The appendix digitiformis has been by Hyrfcl regarded (18. 
pp. 28-29) as accessory to the reproductive apparatus rather 
than to the alimentary. He based his assumption + upon the 
failure to find food-stuff within it, and upon a belief in its 
increase in size in animals whose oviducts contained eggs. I 
have examined a series of specimens of Maia and Mustelus having 
eggs and young in their oviducts, in vain, for confirmation of 
Hyrtl’s belief; and confidence in the same is further shaken by 
the fact that his views fail to explain the presence of the organ 
in the male in a form indistinguishable from that of the female. 
Moreover, the course taken by its duct, and the fact that its 
secretion is discharged well forwards into the intestine, would 
appear to be irreconcilable with this view. In the fact that this 
organ is a secretory one, we have, in the long run, a further 
point of agreement with the csecmn eoli and appendix vermi- 
formis. The fact that the latter becomes an adenoid in its most 
highly differentiated form, while the processus digitiformis is not 
known to he thus constituted £, would appear to be of minor 
significance, by analogy with Weldon’s discovery (32. p. 176) that 

* On p. 181 of. his ,pamphlet, Blanchard attributes to Milne-Edwards 
(Anat. et Pbys. Oomp. t. vii. pp. 326, 332) the belief that this structure 
represents “ a special urinary bladder.” M. Milne-Edwards makes ( te in seinem 
trefflichen Lehrbuch ” [Blanchard, l. t?.]) no such statement; he'alludes not to 
the appendix digitiformis, but to the well-known urinary receptacle, which I 
have elsewhere proposed to term the Wolffian bladder (Journ. Anat. & Bhys, 
vol, xxiv. [n. s. voh iv.] p, 408, 1890). 

t Blanchard (I. c.) appears to have been unaware of this. 

X Migratory leucocytes have been observed in the t£ cloacal epithelium ” of 
Baia, Torpedo , and Bquatvna (List, J. H., “ Studien an Epithelien,” Archiv f, 
miki\ Anat. Bel. xxv. up, 204-268,1885). 


28 # 
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the supra-reiuii body in the Iclithyopsida (BdeMoxtouia) probably 
represents a metamorphosed excretory blastema. 

I trust to have shown in the foregoing that the appendix 
digit ifor in is and its related conduit correspond, in fundamental 
relationship, with the appendix vermiformis and caecum coli; 
and I think it not improbable that in the former, as represented 
in the Batoidei {ef, ante , p. 898), we may be dealing with the 
latter in their original form. It is a curious fact that Monro, in 
his classical work on Fishes, referred to the appendix digitiformis 
on one page (23. p. 84) as the appendix vermiformis ” and on 
another (p. 92) as the “ eaieinn; ” while Wietlersheim, com- 
menting (33. p. 565) on the size and character of the caecum coli 
of Amjphisbcena * 9 has incidentally likened it to the appendix 
digitiformis of the Selachii. I would go further, and openly 
declare a belief in homology between the two sets of structures 
as defined by myself (p. 394) until proof to the contrary, more 
conclusive than that which is at present forthcoming f, shall 
have been brought forward. 

IV. On the Omcmn of the Teleostei. 

It is customary in text-books to deny the existence of a ctecum 
among the Teleostean fishes. Such an organ was, however, 
accorded them by Home in 1814 (Bcorptem [15. p. 389, 16. 
pi. xcii.J); Kathke, ten years later, described $ a ciecum in Cgclo- 
pterus ( u See Hase”) and Triyla lyra , while Cuvier and Valen¬ 
ciennes accredited the same (5. p. 354) to Box in 1830. 

* On examination oi‘ this in Lcjridostey/iou, Bhutto*, I'aeltycala/juts, and 
Amphidmia (uiha.ftiHymm, and dont'inii), I fail to sec anything much in 
advance of the ordinary Laeerriliau type. 

t The danger of drawing comparisons from the histological structure of the 
alimentary mucous membrane alone is greatly increased by the discovery of 
thickly set Fever's patches in the large intestine and rectum among Rodents, 
Insect ivores (Dobson, Journ. Anat. & Pliys. vol. xviii. pp. 388-892, 1884), 
and Apes iHapakruar , Beddard, P. Z. 8. 1884, p. 81)5). A similar caution 
is necessitated by Webers description of racemose sudoriferous glands in. the 
Hippopoiatum ('* Studieu fiber baugetlueref’ Em Beitrag zur Frage u. d. XJr- 
spung d. Cetaceen, pp. 14-18. Jena, 1886). 

t 29. pp. 80, 81. He also attributed to Bolyptmis a cjucum, with the com¬ 
ment “ wen ich mioh richt ermnere.” There can now be little doubt that Join 
Midler was right in subsequently regarding this (‘ Bau u. Grenzen der Ganoiden,’ 
p. 23) as a pyloric caecum; for, among Teleostei, the caeca pylori may be 
reduced (Ammodytcs, cf. Batkke, 29. p. 87) to a single representative. 
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The terminal portion of the intestine in these fishes exhibits, 
as a general rule, an increase in calibre and distensibility over 
the rest, and at its point of differentiation there is usually 
present, in the adult, a well-defined valve (cf Cuvier and Valen¬ 
ciennes, 4. p. 502) which clearly suggests the ileo-eoiic valve * 
of the higher Vertebrata. 

The caecal diverticulum, when present, overhangs this; and? 
although it never attains a considerable, development, comparison 
with the other Ichtliyopsida and the Beptilia leaves little room 
for doubting that it represents those derivatives of the gut which 
I have attempted to homologize in the preceding part of this 
paper. Having accumulated some notes upon the same in those 
genera before referred to which I have been able to examine, I 
here tender them for what they may he worth. 

Trigid gurnctrclus. The ileo-colic valve is, in the adult, exceed¬ 
ingly well marked—so much so that it reduces the ileo-colic 
aperture to a minute perforation. The large intestine exhibits 
but a small increase in calibre as compared with the ileum; and 
there is consequently no trace, in the adult of this species, of an 
overhanging lobe or caecum. I have observed, however, in a 
young specimen of 16-1 eentim. in length, a perceptible enlargement 
of the antero-dorsal extremity of this viscus, suggestive of the 
small caecum of the Frog (dv\ fig. 8). 

Oyclopterm lumjms. I am unable to confirm Eathke’s state¬ 
ment concerning the presence of a caecum in the adult of this 
species. The ileum enters the large intestine antero-ventrally 
(cf. PL II. fig. 17); the increase in calibre of the latter is well 
marked, and there is developed a highly efficient and flap-like ileo¬ 
colic valve. In the young animal, however, the conditions may be 
otherwise. I have examined two juveniles of this species f. 
The intestine appeared, in them, when looked at externally, to be 
destitute of a caecum ; when opened from the side, care being 
taken to avoid unnecessary displacement of the gut, the ileo¬ 
colic aperture was seen to be situated ventrally (fig. 17) and, in 
one of the two, comparatively far back. The ileo-colic valve 

* It is very regrettable that this should be so frequently referred to, alike in 
original monographs and test-books of bot-li anatomy and physiology, as the 
ileo-esecal valve. Huxley has long since shown this term to be expressive of an 
error of observation in fundamentals (see Parker. P. Z. S. 1881, p. 625). 

t Thanks to Prof. W. McIntosh, F.E.S., and my pupil Mr. E. W. L, Holt. 
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was represented by the tumid and inpushed base of the ileum, 
and from that it would appear to be, in all probability, derived. 
A line drawn vertically through the same (a—/? of fig. 17, PL II.) 
passes behind an overhanging lobe of the large intestine—the 
caecum (dv'). Curiously enough no such enlargement was to be 
seen in the second specimen; and the question naturally arises 
whether, after all, the differences between it and the other one 
may not have been due either to over-distension in the one case 
or over-contraction in the other. Further investigation can 
alone settle this matter; but it is interesting to point out that a 
precisely similar difficulty arises in relation to the alleged dis¬ 
covery, by Perrault *, of a cmcum in Salammulra . 

Box vulgaris j\ Cuvier and Valenciennes state of the in¬ 
testine of this fish (5. p. 354) “ arrive dans la partie moyenne du 
ventre, il se dilate subitement et donne meme une sorte du petit 
csecum tres-court a Porigine du rectum, qui se rctreeit bientot et 
se rend a Tamis.” This “ csecum” is, in this fish, unmistakable 
and well marked externally, and it lies to the left side (dv\ fig. 16). 
The stomach of this species is remarkable for the characters of 
its pyloric sac; that (si n 9 fig. 17) instead of being short and 
swollen, as is so generally the case among the Teleostei, is 
elongated and tubular. The cardiac gastric sac is con¬ 
stricted at its middle and, with the base of the stomach, prolonged 
hack into a crescentric diverticulum, into the concave border 
of which the head of the large intestine (id.) is received. On dis¬ 
section of this fish from the side, the air-bladder is seen to be 
greatly enlarged; its posterior moiety tapers off much less sud¬ 
denly than usual, and it, together with the greatly developed fat 
masses, obliterates for the roost part the posterior two thirds of 
the coelom. The csecum, when examined with sufficient care, is 
seen to be situated dorso-laterally rather than laterally, and to 
occupy a position which points very strongly to the conclusion 
that it and the immediately related intestinal wall have 
undergone a displacement (in mutual adaptation to the sur¬ 
rounding organs) of a precisely similar nature to that affecting 

* e Mem. poiu* servir a I’hist. nat. ties Animaux,’ 3 e partie, pi. 16, p. 481. 
[Of. Miln e-Edwards, Lemons s. 1. Phys. et l’Anafc. Comp. t. yi. p. 354.) 

t I have to thank Dr, Gunther, F.E.S., for a well-preserved specimen of 
this fish. 

Cuvier and "Valenciennes describe (5. p. 364) two caeca in R sal/pa . X regret 
having been unable to procure an individual of this species. 
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the caecum coli and appendix digitiformis of certain other 
Yertebrata (ef. ante , p. 896). 

An ileo-colic valve is not differentiated. 


It may be urged, against my belief in an homology between 
the above-described caecum of the Teleostei and the caecum coli 
of the higher Yertebrata, that the intestinal ( 'ileo-colic ) valve of 
the former appears to lie within the area of the so-called spiral 
valve of the Clupeoid CMrocentrus * and of the annul aliens of 
the intestinal mucous membrane in the Salmonida? and other 
Teleostei {ef. Eathke, 29. pp. 62 et seq .). In CMrocentrus the 
prevalvular gut is short, and the intestine passes to the exterior 
without convolution. In the Salmonidae the prevalvular gut is 
elongated and bent upon itself. Huxley, writing on this sub¬ 
ject, says (I. c. p. 188):—“I am inclined to believe that the 
circular valve which separates the colon from the rectum in the 
Smelt is merely a last remainder of the spiral valve ” (of the 
Ganoids and CMrocentrus). This valve occupies in the Smelt 
precisely the position of that which I have been led to compare 
{ante, p. 401), in other Teleostei alluded to, with the ileo-colic 
valve of the higher Yertebrata. Assuming, for the moment, that 
the annulated segment of the gut in the Trout and Salmon and 
the post-valvular portion in the Smelt are homologous, and repre¬ 
sentative of the large intestine of other Teleostei, examination of 
these in the order named might, at first sight, appear to show 
evidence of a gradual diminution in length in passing from the 
former to the latter. Eathke, six-and-thirty years ago, drew 
attention (L c.) to the fact that in the Salmonidae the annular folds 
alluded to are susceptible to great variation and difference with 
age. He, nevertheless, regarded them as restricted to the 
rectum. If the lining membrane of the Smelt’s intestine be care¬ 
fully examined it will be found to be produced into a very 
obvious series of crenulated annular folds, throughout the area 
occupied by the more definite series of the Salmon and Trout. 
The valve to which Huxley alludes, and which I regard as the 
probable homologue of the ileo-colic valve, lies within an inter¬ 
rupted area in this series—in the Salmon and Trout it is absent. 

* Cuvier and Valenciennes, 4 Hist. nat. des Poissons/ t. xix. p. 151, pi. 565. 
Cf. Huxley, P. 2. S. 1883, p. 138. 
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In view of tlxe constancy of this valve, and of its relation strips 
previously referred to, as compared with the variability of the 
annular folds, I am decidedly of opinion that, if the homology be¬ 
tween the latter in the Smelt and Salmonidse named be admitted, 
that segment of the gut which bears them must represent some¬ 
thing more than the large intestine, as I have defined it—where¬ 
upon the post-valvular portion of the Smelt’s intestine and the 
annulated segment of that of the Salmon and Trout would appear 
to be non-liomologous. In face of these facts and considerations, 
the conditions in Chirocentrus become most perplexing. On 
comparison with the Elasmobranchs, its valvecl intestine might 
represent that which I regard, in them, as the small intestine— 
in which ease the large intestine would appear to be absent and 
the gut, taken as a whole, to be less modified than that of even 
the Ganoids. On the other hand, comparison with the Salmon 
would appear to show (if the annulated segment of the gut of 
that fish should have the value which Kathke attached to it) that 
the valved gut in CMroeentrus might represent the large intestine 
as defined by myself. : 

That, in seeking to establish homologies, too much importance 
must not be attached to the mere presence or absence of an 
intestinal spiral valve in the Teleostei, is clear, from the differ¬ 
entiation of a like structure in the oesophagus of Ohcmos and 
of an essentially similar one in that of the MarsipobrancMi f. I 
have attempted to show (ante, p. 395) that the large intestine is, 
in the Plagiostomes, well marked though short. The appendix 
digitiformis is smallest where situated furthest back ; and in the 
young of those forms which I have been able to examine (Sc/1- 
Hum , Must elm, AcantMas , Kept cm elms) ; it is situated further 
forwards than in the adult. We have thus a suggestion of 
reduction proportionate to a shortening up of that which I 
regard as the large intestine *, a further extension of such a 
process (be it at work) would give iis the condition met with in 
the Ganoids and CMroeentrus (supposing the resemblances 
between the intestine of this fish and that of the Plagiostomes to 

* Cuvier and Valenciennes (6, p, 185). 

t (Kuither describes this ( c Introduction 'to the Study of Fishes,’ p. 128) as 
consisting of ‘‘numerous longitudinal folds.” They are oblique and more 
nearly ovoidal. Parker has shown (26) that the particular characters in the 
u pitch ” and mode of disposition of such “ valves” are matters of no morpho¬ 
logical significance (of. his pi. 10. figs. 1 and 4, and pi. 11. figs. f> and 8). 
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be indicative of homological relationship); the converse process 
would tend towards that of the majority of the Teleostei and of 
the higher lehthyopsida*. 

If this comparison should stand the test of future investi¬ 
gation, the folds of the intestinal mucous membrane in Chiro- 
centrus and the tdalmonidce will be non-homologous. To deny 
that the large intestine of the majority of the Teleostei, as herein 
defined, represents that of the higher Yertebrata, would be, in the 
present state of our knowledge, to imply that the comparative 
method upon which our fundamental conceptions in morphology 
are based is untrustworthy. 

The large intestine remains comparatively short through¬ 
out the Xchthyopsida, the Sauropsida, and the lower Mam¬ 
malia; it is not until an ascending term in the Mammalian 
series is reached that it shows signs of clear differentiation into 
the colon and rectum so well known among the higher repre¬ 
sentatives of the same. That the caecum coli, however, not only 

* Owen and Hyrtl have long ago described in 1* rot orients a median 
diverticulum of the antero-dorsal wall of the cloaca, believed by them to 
represent the urinary bladder. Parker has recently overthrown their inter¬ 
pretation, and proposed (28. p. 14) to term the organ the vcBcum cloaca— 
comparing it with the Plagiostorae’s appendix digitiformis; his proposal receives 
a special interest from the fact that Guntlier has described the appendix digit! 
formis of CJilawi/chsektche (11. p. 8) as “a globular glandular body of the size 
of a large pea,” which “ lies dorsad of the cloaca, into which it discharges its 
secretion by a short duet”—a condition unknown in any other Piagiostome. 
Gar man, on the other hand, speaks of it (10. p. iiO) as “ a rascal pouch be¬ 
hind the (spiral) valve.” 

I am indebted to my friend Mr. G. A. Boulenger for the opportunity of 
examining the parts in question in this Japanese Shark. Dr. Gunther does 
not state exactly in what sense he uses the term “cloaca”; if by this we are 
to understand that portion of the gut situated posteriorly to the anal and 
urino-genital orifices, Garnians description in perfectly correct. The duet 
of the processus digitiformis is short and, like that of other Selachii, forwardly 
directed; it opens but a short distance in front of the anus and much nearer 
the same than in any other Piagiostome which I have examined. The whole 
condition of the parts related favours the belief in the shortening up of the 
large intestine arrived at above, and that, is strengthened by the insignificant 
size of the cloaca., which would appear to have been involved in the process. 

Parker’s emeum cloaca' opens directly backwards by a wide aperture ; it is 
present in both sexes, and it might conceivably represent the conduit at least 
of the Batoid processus digitiformis (dv\ fig. 1) in a much modified form. 
It appears to me, however, to most nearly recall that diverticulum in the 
female Chimmrokl which Hyrtl termed (Sitzb. Wien. Akad, Bd. xi. 1853, pp. 1085 
-86) the “ vesicida seminalis” and the absence of a corresponding vesicle in 
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exists in the class Pisces, but is present, in a low order of the 
same, in that which may probably prove to be its original form, 
I fully believe. Moreover, the facts go to show that in certain 
Teleostei (Irir/la, Qyclopterus) the small caecum may possibly dis¬ 
appear as the intestine increases in convolution ; and it therefore 
becomes a matter of interest to inquire whether the first-named 
structure may not he more generally represented in at least the 
young of that order. 

V. In Conclusion. 

The deductions which I have drawn are based chiefly upon 
facts arising out of a comparison of leading blood-vessels ; and I 
fully anticipate that it will be doubted whether these are to be 
trusted, to the extent claimed, as guides to homology. Precedent 
might be cited to suggest that they are not—the recent investi¬ 
gations of Boas (3) and Zimmermaiin (34) into the aortic 
arches, of Hocbstetter (12) into the post-caval and azygos veins, 
and of Parker (27) into the lateral epigastric veins, justify the 
belief that they are. Objections may be here raised on the 
ground that the great vessels just named do not undergo 
variation such as do those of the intestinal series upon which 
I am relying. Against this there must be set the fact (which, so 
far as I can ascertain, has escaped notice) that the fifth aortic 
arch, which Boas has so successfully shown (3 et op* cii .) to be 
present between the aorta and the pulmonary artery of the 
Urodeles, may be ( Salamcnidra ) either absent on one or both 
sides or, when present, variable between the condition of a 
widely open tube and that of a vestigial cord of insignificant 
proportions 

the male Chimmroid is an obstacle in the way of a belief in its homology 
with the processus digitiformis of the Plagiostome. 

Gunther has described (Phil. Trans. 1871, part ii. pp, 740-47) the genital 
ducts of Ceratodm us opening, together with the ureters, in to a “ urinal cloaca 
and the latter would appear, at first sight, to answer to the emeum cloaca) of 
Irotopferus, X have not been able to examine the male Ceratodm, but I think 
it tolerably certain, on examination of the female, that Parker’s ** cicoum 
cloacae ”and GiinthePs '‘urinal cloaca” will prove to be distinct in origin, and 
that the latter will be found to represent that portion of the Ehigmobranch’s 
cloaca which X herein term {ante, p. 383) the “ oviducal recess ” (el nt , PL X. 
fig. 1). Indeed this has been, in a sense, already anticipated by Gunther, who 
refers to the sac on one page (L c. p. 546) as “ a dorsal divertiele of tile rectum,’’ 
and on the next (p. 547), in somewhat contradictory terms, as <! the cloaca! 
dilatation f 9 
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There is indicated in the concluding sentence of the preceding 
section one of the next steps in this inquiry; others lead to a 
further investigation into the histology and development of the 
appendix digitiformis, and to a study of the comparative histology 
of those structures to which the terms <c caecum coliand 
“ appendix vermiformishave been applied. Upon these I 
propose to enter on a future occasion. 
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VII. EXPLANATION OF THE PLATES. 

Figs. 1, 3, 4, 5, and (>, and figs. 7, i. to v. arc drawn to the same scale in 
order to facilitate comparisonthe dorsal aorta (m.) is, in all but 7, iii. iv, & v., 
delineated up to the point of origin of the iliac arteries. Only vessels of the 
precaudal median-intestinal series are indicated ; all others arc intentionally 
omitted. 
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Figs. 8 to 14 are drawn to the same natural size, proportionate to the trans¬ 
verse diameter of the base of the valvecl intestine. 

Plate I. 

Fig. 1. 1 Lida dac at a, adult J . The cloaea and terminal portion of the 
intestinal canal, with related arteries, dissected from the side, after 
injection with French blue. % nat. size. 

2. B. clavata. To show the origin and relationships of the paired cloaeal 
arteries. f nat. size. 

8. Pctna tmpomria, J. A similar dissection to" fig. 1. The arteries 
represented are a combination of those observed for four indi¬ 
viduals referred to in the text. X 2. 

4. Rana fe-nporaria, $ . To show the base of the inferior mesenteric 
artery, in an individual specimen described in the text. X 2. 

f>. Aalamandra maculosa, §.' Comparison dissection to figs. 1 1 3. X 2. 

(>. Salamandm maculosa, 3, showing two inferior mesenteric trunks. 
X 2. 

7. To represent the dorsal aorta and the origin of the cteliae and mesen¬ 
teric arteries in relation to the same in—i. &kdamandra maculosa ; 
ii. Paia clamta ; iii. Mustdus antarctic us (after Parker [27]); iv. 
ScyUiuni canicula ; v. AeantMas vulgaris . 


Plate II. 

Fig. S. The appendix digitiformis, with its related parts, in median longitu¬ 
dinal section, in Zygmna malleus. 

9. The same, in Bam clamta . 

10. The same, in Lmnargm borealis . 

11. The same, in ScyUhrn canicula . 

12. The same, in Ccst radon- philippi. 

13. The same, in Aeanthm vulgaris. 

14. The same, together with a portion of the valved intestine, in JSotidanus 

(Heptanchus) idnercus. 

15. The same, in Bhina squat!na ; external view. Hat. size. 

.1(1 The outturn and adjacent portions of the alimentary viscera, in Box 
vulgaris. X 2. 

17- The head of the large intestine of Cgcloptcrus lumpus (juv»), as seen* 
from the right side. X 2. 


Reference letters. 

ax. Coeliae artery. 
a.cd. Caudal artery* 
a.cm. Cceliaeo-mesenterie artery. 
a.g. Genital (ovarian) arteries. 
a.L Iliac arteries* 
cum. Inferior mesenteric arteries. 
ao . Dorsal aorta. 
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a.r. Posterior renal arteries. 
hi', Allantoic bladder. 
hi". Orifice ol‘ the same. 
cl'. Cloaca. 

d”. Epidermal portion of the same. 
eV\ Oviducal recess of the same. 
du\ Cmcum coli (or its probable homologue). 
dv”. Appendix digitiformis. 
f. Longitudinal fold in roof of large intestine. 
U. Large intestine. 
i.s. Small intestine. 
ocV. Left oviduct. 
od ' f . Bight oviduct. 
p. Pelvic girdle. 
st\ Stomach, cardiac sac. 
st”. Stomach, pyloric sac. 
v.i. Intestinal (spiral) valve. 
vdc. Ileo-colic valve. 


On the Tongues of the British Hvmenoptera Anthophila. 

By Edwabd Satjndees, F.L.S., E.E.S. 

[Bead 17th April, 1890.] 

(Plates III.-X.) 

In Yol. XYII. of this Journal Mr. Travers J. Briant has ably 
described the tongue of Apis mellifica and its anatomy, and I 
purpose in this paper to give descriptions of this organ in other 
British genera of ITymenoptera Anthophila, accompanied with 
figures carefully drawn from slides prepared by Mr. Enoch, 
whose skill in this direction is well known. At the present time 
I know of no figures that, in any way, give an idea of the beauty 
and complexity of structure which characterize the different 
genera. The number and proportionate lengths of the joints of 
the palpi, and the general form of the so-called lingua, have been 
the only characters usually selected for generic determination, 
whereas the form of the lora, snfonentum , scales of the maxillm 7 
and parafossee afford additional characters quite as important, 
as will be seen by the accompanying Plates. As a general 
result from the study of these organs, it would appear that 
there is a gradual modification of form from the short bifid 
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tongue of the Ohtimlingues to the long filiform one of the higher 
Ajpulce ■ that the lora or /^-shaped hinge by which the mention 
and lingua can be projected is more developed in the higher 
genera, and accordingly allows of greater play for those organs; 
that the basal joints of the labial palpi are flattened and sheath¬ 
like in the higher genera, so as to form a protection for the base 
of the tongue ; and that the paraglossse also tend, in these genera, 
to take a sheath-like form. In the early genera the lora can 
scarcely be said to exist definitely at all, the membrane between 
the cardines being merely chitinized towards the apex and raised 
so as to form an arch which acts as a hinge ; in Halictus , 
Spliecodes , &c. even this is absent (see descriptions of those 
genera). There appears to be a regular progression in develop¬ 
ment, but this progression is arrested here and there by certain 
genera which seem to defy one to find a proper place for them. 
Such a genus is Eophites . It has the labial palpi of the higher 
Apidte, paraglossje quite unlike in form to those of any other 
genus, no definite lora, in this respect resembling Spliecodes and 
Kdlictus, to which latter genus it greatly assimilates in general 
appearance, and a tongue as long as that of any of the Apidie. 
Pannrgus, again, is quite aberrant and difficult to localize in any 
arrangement, as, apart from its lingual peculiarities, its genital 
armature is quite unlike that of any of the genera that could be 
considered allied to it. These special features, however, will be 
described more fully under each genus. 

The cibarial apparatus in all the genera is arranged on the 
same general plan as in Apis, but varies very considerably in its 
details, both as to the shape and the relative proportions of its 
component parts, and it is on the characters afforded by some of 
these variations that many of the different genera have been 
established. I propose here to give a general description of the 
apparatus, leaving the special features of each genus to be con¬ 
sidered further on. 

At the back of the head, behind the face, between the occipital 
foramen and the mandibles, is a deep wide groove, with abruptly 
truncate sides, which lie nearly parallel to each other; it is 
determined somewhat semieircularly at its basal or occipital end, 
i.e. that nearest the juncture of the head and thorax, but is open 
at its apical end, except when closed by the mandibles folding 
across it. The floor of the groove is the posterior surface of the 
actual wall of the face. It is in this groove that the cibarial 
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apparatus lies folded when at rest, and 1 shall here refer to it as 
the oral groove. By gently pulling the apex of the tongue, the 
whole apparatus may be gradually unfolded, and it will then be 
seen that there is a membrane investing the entire base of the 
apparatus and completely covering the oral groove; this is best 
seen when the tongue is fully extended. On dissecting the head 
it appears that this membrane is attached to the back of the 
elypeus on each side, whence it arches downwards and forms 
■what has usually been termed the hypopharynx, between which 
and the epipharynx is a very small opening, and it is through 
this opening only that there is communication with the gula, 
except through the actual lingua itself. The eiharial apparatus 
may, in fact, be compared, to a funnel-shaped bag strengthened 
by various sclerites above and below (which also aid in its folding 
up), and prolonged at its apex into the semitubular nientum and 
lingua. The arrangement of the various sclerites is as follows. 
I shall commence with those on the underside :— 

On the anterior edge (i. e. that lying furthest from the hack of 
the head) of each of the truneatures that bound the oral groove 
is an emargination, into which articulates an elongate joint, these 
joints are called the car dines ; each car do is considerably widened 
at its apical end, and produced into two unequal processes. On 
these widened portions swing the (ora, and from them depend 
the maocillcE , each of which consists of a sheath-like basal portion 
and a blade-like apex, between which on the external side the 
maxillary palpus is inserted. The lor a are two narrow joints 
united so as to form a ah aped body, from the angle of which is 
suspended the meutuin, &e.; these can swing over on their feet 
which rest on the apices of the car dines, and by this motion the 
tongue can be projected for twice the length of the /\. They 
vary very much in their length, and in some of the genera of the 
short-tongued bees are scarcely developed; but in only four 
British genera are they actually wanting, viz. in Ildicfm and 
Bphecodes , and in Dufourea and liophites, in which there appear 
to be no traces of them, and, in fact, there appears to he nothing 
to correspond to them in their office of lengthening the tongue; 
the membrane covering the space between the Carolines, which in 
the other genera is simple, is here ehitinized towards its centre 
into two straps, which are united to the submentum at their 
apices. From the angle of the lora hangs the submentum, which 
varies considerably in shape; although always more or less 
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widened towards tlie apex, it is sometimes quite sliort and 
triangular, at others many times longer than wide. It also 
varies in substance, in some genera being clear and hyaline, 
in others dark and opaque; it is short and more or less hyaline 
in the early genera of the short-tongued bees, and elongate 
in most of the true Apidse, and in the somewhat aberrant short- 
tongued genera, such as Macropis, Cilisw , and Dasgpoda ; 
whereas in Banurgtis again the short hyaline form shows itself, 
and in Bomb us, Psithgrus , and Apis, although not hyaline, it 
is short and triangular. Beyond the suhmentum comes the 
mentum itself, which is brown, ehitinous, and semitubular, and 
forms a supporting sheath for some of the softer parts of 
the apparatus to lie in; above, it is sometimes strengthened 
by elongate sclerites, as in Megachile, Osmia , &c.; it varies 
very little in form, being usually slightly narrowed and rounded 
at the base, truncate or produced into one or more lobes at 
the apex beneath; from either side of the apex extends one 
of the labial palpi, and from between them the so-called lingua. 
ISTear the base of the mentum on each side is attached a sclerite, 
which passes upwards between the maxillae and thence under the 
labruin, where it is abruptly angulated, its apex lying just at the 
side of the anterior edge of the oral groove, close to the emargi- 
nation into which the cardo articulates. These sclerites bold the 
upper part of the membranous bag expanded anteriorly when 
the tongue is extended. Huxley has called them u the sclerites 
of the hypopharynx.” They are united to the maxillse by the 
iuvesting membrane, which just at the point of union on either 
side gives rise to a sort of scale which is often fringed with 
bristle-like hairs; these scales, which appear to exist in all our 
genera, although obsolete in Apis, seem to have been scarcely 
noticed by authors; they are very much developed in Authopkora 
and also in Meg addle, Osmia, and their allies. Beyond, the basal 
ends of these sclerites, and with their auterior extremities lying 
between them, are two others, which can only be seen when the 
clypens and face and the top of the oesophagus are removed; 
they are what Huxley has called the te sclerites in the wall of the 
oesophagus.” They converge posteriorly, and are somewhat 
hamate at their posterior ends; the. membrane which lies between 
these forms the floor of the mouth. Anteriorly, this membrane 
is chitinized, and forms what has been called the hypopharyngeal 
plate; on this chitinized portion, which is slightly concave, may be 
LOT. JOURX.— ZOOLOGY, YOL. XXIII. 29 
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observed various papillae, which at first sight look like punctures, 
and on each side is a nipple-shaped opening, through which the 
secretion from the salivary duct can pass. Beyond this ehiti- 
nized plate is the opening into the oesophagus. We will now 
proceed to consider the lingua, which, as was stated above, 
extends beyond the mentum between the two labial palpi. The 
base of the lingua is ensheathed by the two paraglossa); these 
vary very much in form : as may be seen by a reference to the 
figures of the various genera, a chitinous band extends across the 
base of the lingua in front, and terminates on each side below in 
a pointed process. The lingua varies much in form, from the 
short broad bifid organ of Golleies to the long narrow one of 
Anthophora. In all the genera the surface is traversed by fine 
ridges set with bristly hairs. The base of the lingua in the 
higher Apidee is really ensheathed by three sets of appendages : 
1st the maxilla, 2nd the labial palpi, 3rd the paraglossse; but 
in the sliort-tongued bees the labial palpi have no sheathing 
properties, all their joints being cylindrical. 

I do not here propose to give any description of the functions 
<&c. of the tongue, as these have been described by Mr. Bryant, 
and I have confined myself to describing the position and general 
form of its skeleton. For clearness’ sake I recapitulate the 
sclerites thus:— 

a, a. Car dines articulated into an emargination in oral groove. 

b, b. Lora swinging on the dilated ends of the cardiues. 

c, c. Maxillm articulated to ends of cardines. 

c a , e a . Scales of maxilla exserted from membrane at base of 
maxi Use. 

e b , c\ 'Maxillary palpi inserted between base and blade of 
inaxillse. 

d. Submentim attached to apex of lorn. 
e» Mentum attached to apex of submentiun. 
e% e & . Labial palpi attached to apex of mentum laterally. 

f. Lingua attached to apex of mentum centrally. 
f a , f\ Paraglossm enslicathing the base of the lingua. 

f b . Scleritic ring forming a transverse hand at the base of the 
lingua. 

g, g. Sclerites of hjpopharynx originating on the margin of the 
oral groove, passing between maxillm and uniting with 
mentum near its base. 



BRITISH BYMENOPTERA AHTHOPHILA. 


415 


h, h. Epi-pharynw projecting under the labrum. 

i. Lahrum attached to the clypeus. 
j, j. Sclerites in the wall of the oesophagus forming the floor of 
the mouth. 

It only remains now for me to state that it is to the beautiful 
preparations of Mr. Enoch that all the merit of this paper is due, 
and to thank him cordially for doing the work so well. 



Lateral diagrammatic view of head of Bombus : mandibles and 
labrum removed. 

Colletes, Latr. Hist. Hat. iii. p. 372. (PL III. figs. 1, 2.) 

Labrum transverse, broadly and bluntly angulated in front, 
densely fringed with long bristly hairs. Epipharynx visible 
beyond the hairs of the labrum, somewhat rounded in front, its 
extreme apex pointed. Sclerites of the hypopharynx much curved 
and twisted ; the scales at the membranous base of the maxillae 
represented by two or three strong bristly hairs. The maxillae 
are rounded at the apex, and reach just to the base of the lingua, 
round the apex they are fringed with a row of short curved 
bristly hairs, and longer hairs, which show traces of branching, 
below them ; their inner edge is very thin and membranous: 
their surface is impressed with irregularly disposed punctures; 
the reflexed under margin of the maxillae bears a row of long 
curved bristles, these in a strong back light can he seen through 
the substance of the maxillae from above. Maxillary palpi 6- 
jointed. Paraglossse concave above, wide at the base, remotely 
punctured, their anterior margins with a row of deep punctures, 
from each of which springs a curved bristle. The lingua is 
deeply cleft at the apex, its base is convex and in the form of an 
equilateral triangle, the base of the lingua being the apex of the 

29* 
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triangle ; the "base of the triangle or anterior margin is widely 
emarginate; projecting beyond this triangle is the apical portion 
of the lingua, which almost appears to be produced from under 
the basal canopy, i. e . it is on a lower level than it; it is slightly 
rounded at the sides and deeply and angularly cleft in the middle 
right into its base; the canopy and the surface of both the basal 
and apical portions are exceedingly finely ridged transversely, and 
set with very short bristles, and the apical portion is also covered, 
and fringed round its edges with very fine soft long hairs. 
Mention beneath about 2\ times as long as wide; labial palpi 4- 
jointed, the basal joint much wider and longer than the others. 
Submentum hyaline, short, and subtriangiilar. Lora short and 
not well-defined, as they gradually merge into the investing 
membrane which covers the space between the cardin.es, this 
membrane becoming gradually darker in colour, and selenitic as 
it approaches the lora. 


Peosopis, Fair, Byst. Fiez. p. 293. (Pi. III. figs. 8-5.) 

Labrura transverse, very slightly augulated in front, its anterior 
margin armed with a row of very strong testaceous spine-like 
hairs. Epipharynx extending beyond the spines of the labrum 
and somewhat pointed. Sclerites of the hypo pharynx strongly 
developed, slightly curved above the maxillae. Scales at the 
base of the maxillae well developed, elongate, and fringed with 
long hairs; blades of the maxillae short, somewhat sinuate on the 
external margin, their inner edge membranous, fringed with 
thick bristles round the apex, which is widely rounded. Surface 
impressed with a few irregularly disposed punctures. The 
refiexed under margin with a series of sharp bristles. Maxillary 
palpi 6-jointed. Paraglossse elongate, about twice and a half as 
long as wide, not much narrowed to the apex, the apex fringed 
densely with fine hairs. Lingua very short and wide, its basal 
portion in the form of an obtuse-angled triangle, very finely 
ridged transversely and set with bristles, until near the apex, 
where the ridges and hairs stop, and are replaced by a wide band, 
which under a |-iuch power is apparently glabrous, and its 
surface finely shagreened or rugose; the anterior margin 
of the basal portion or canopy is almost straight; the apical 
portion projects from beneath the canopy, much as in Colleges , 
but is very short and not deeply cleft, but only widely and 
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shallowly emarginate anteriorly ; its surface is finely ridged and 
clothed with long irregularly curved hairs. Beneath, the mentiim 
is a good deal widened anteriorly, about twice and a half as long as 
wide; it has a strong ridge running nearly parallel to its external 
margin; labial palpi 4-jointed. The submentum is short and 
hyaline. Lora wanting: what acts as such is the thickened apical 
portion of the membrane which covers the space between the 
cardines ; this thickened portion is convex, and so forms an arch 
at its apex, to the centre of which the submentum is attached; it 
is therefore evident that the play of the lora affords very little 
power of extension to the tongues of the species of this genus. 

Sphecodes, Lair. Hist. Hat. xiii. p. 368. (PL III. figs. 6-8.) 

Lab rum at the base broader than long, its sides somewhat 
rounded and converging towards the apex; apical margin emar¬ 
ginate, sides and apical margin, except just the centre of the 
latter, bearing a row of thick spiue-like bristles, these are 
situated just within the actual margin; epipbarynx sub trian¬ 
gular. Sclerites of the hypopharynx double on each side, the 
outer one terminating below - the apical margin of the labrum, 
and uniting, or nearly uniting, at its base with another selerite, 
which passes diagonally down the side of the expanded membrane 
which invests the base of the cibarial apparatus; this mem¬ 
branous bag is peculiarly developed in this genus and Halictus, 
and its surface covered with transverse rows of very short bristly 
hairs; near the juncture of the two sclerites above mentioned, the 
membrane gives rise to two or three long upright bristles, which 
appear to me to represent the scales at the base of the maxillae, 
which are so much more developed in the other genera. The 
maxillce are rounded at the apex, their inner edge very finely 
and transparently membranous, the thicker portion of the maxillae 
remotely punctured; palpi 6-joiuted. Paraglossse membranous 
and transparent, somewhat falcate. Lingua convex above, longer 
than wide, its sides rounded to the apex, which is somewhat 
bluntly pointed, its surface finely ridged, the ridges hearing rows 
of short bristles. Beneath, the mentum is not quite three times 
as long as wide; the labial palpi are 4-jointed; the submentum 
is very short and transparent, in fact it is not easy to trace its 
shape at all. The lora, so far as I can make out, do not exist at 
all, either in this genus or in Halictm . The cardines are very 
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long, and the membrane uniting them bears down the middle two 
darker chitinized straps, each of which narrows towards its apex, 
which is abruptly turned inwards, terminating just above the 
base of the submentum, so that there is no hinge by which the 
mentum &c. can be thrown forwards; possibly the elasticity of 
the membrane may be such that the bee by an extra effort can 
stretch it, but in any case the apparatus employed seems to 
be strangely different in these two genera from what it is in their 
allies. 

Halictus, Lair. Hist. Hat. xiii. p. 364. (PI. III. figs. 9-11.) 

Almost exactly similar to Sphecodes in its oral arrange¬ 
ments, but with the lahrum more transverse; the paraglossia 
more developed and produced into two elongate parallel-sided 
processes densely fringed with branched hairs$ lingua longer, its 
sides rounded nearly to the apex, then slightly sinuate, the hairs 
of the surface of the lingua also longer than in Sphecodes, and 
distinctly branched towards the apex, otherwise the description 
of that genus will apply in all essential points’, to this. 

Andbena, Fair. Syst. Hnt. p. 3/6. (PI. IV. figs. 1-3.) 

Lahrum transverse, fringed with long bristly hairs; epi- 
pharynx triangular. Scales at the base of the maxilhe well 
developed, elongate oval, bearing several long bristles, some of 
which are more or less branched. Maxillse extending to about the 
widest part of the lingua, somewhat rounded at their apices and 
fringed with hairs, their inner edge narrowly membranous, and 
their relieved under margin with a row of closely-set bristles 
observable through the transparent substance of the maxilla; 
palpi C-jomted. Paraglossm transparent, truncate at the base, 
which is margined with a. narrow band of darker chitine, im¬ 
pressed with a row of punctures; apex of each produced into a 
lobe transversely ridged and set with short bristles like tlie 
lingua. Lingua a little more than twice as long as wide, finely 
ridged transversely, and clothed with short hairs, those at the 
apex longer. Beneath, with the mentum elongate, four times as 
long as wide at the apex ; submentum elongate, hyaline. Lora 
represented by the apical triangular arch formed by the convex 
scleritic apical portion of the membrane investing the space 
between the cardines; in this character Andrena seems to 
approach closely to Golletes and Prosapis, but the ends of the 



BKITISH HTMENOPTERA ANTHOPHILA. 


419 


arch appear to rest on the apices of the cardines, and therefore 
the apparatus approaches more nearly in its arrangement to the 
lora of the higher Apidse. 

CilissAj Leach , LJd. Line, ix, p. 155. (PI. IT, figs. 4-6.) 

Labrum transverse ; epipharynx triangnlar. Scales of the 
maxillse dark and suboval, deeply foveated, set with a few bristly 
hairs; sclerites of the hypopharynx visible on each side of the 
labrum. Maxillary palpi 6-jointed; blades of the maxillse rather 
short, wide at the base, gradually narrowing into a sharply-pointed 
apex, their surface punctured. Paraglossas with a broad basal 
sheath, and an apical process fringed with long hairs. Lingua 
wide at the base, produced into a sharply-pointed apex, its sides 
slightly concave, clothed with hairs at the base, pointing towards 
the apex ; at the apex with some of the hairs erect, giving it some¬ 
what the appearance of a bottle-brush ; each of these hairs has 
at the apex two or three branches. Mentum beneath three times 
as long as wide; labial palpi 4-jointed, first joint as long as the 
second and third together, apical joint narrower than the others, 
longer than the third. Submentum elongate, its apex hyaline; lora 
very strongly developed and thick. Cardines wide and straight, 

Macropis, .Pam, Faun, Germ. lift. 107, p. 16. 

(PL IT. figs. 7-9.) 

Labrum transverse, slightly rounded in front, densely fringed 
with long hairs intermixed with thicker spine-like bristles; epi¬ 
pharynx sharply angular in front. Scales at the base of the 
maxilla? curved inwards, subreniforin. Maxilla? with the blades 
sinuate exteriorly, fringed with long hairs at their apex, which 
is rounded; internal membranous margin very narrow; maxillary 
palpi 6-jointed. Paraglossse with their basal portions slightly 
longer than wide, rounded on its external margin, somewhat 
angular on its internal, its extreme base bearing a few bristly 
hairs springing from deep holes; its apical portion elongate, 
pointed, towards the extremity clothed with bristly hairs. Lingua 
elongate, subtriangular; its sides slightly rounded, its apex 
narrowly produced and clothed with long projecting hairs—its 
base clear and hyaline, the rest finely ridged transversely and 
set with short hairs. Mentum beneath gradually widening to 
the apex, about 3| times as long as wide; labial palpi 4-jointed, 
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the basal joint thickest and longest. Suhmentum widened and 
hyaline at the apex, narrow and darkly cliitinous at the base. 
Lora distinct, not very long, forming an obtuse angle at their 
point of juncture. 

Das tpODa, Latr. Hist . Mat. iii. p. 372. (PI. Y. figs. 1-3.) 

Labrum transverse, its anterior edge slightly rounded, densely 
fringed with long golden hairs, all of which appear to be more or 
less plumose or spinose. Epipharynx slightly pointed at the 
apex. Scales at the base of the maxilla* very elongate, oval, set 
with long porrect, slightly spiuose hairs. Maxilla) with the 
blades very long, gradually rounded on their outer margin, 
straight on the inner; apex pointed; inner margin almost 
destitute of any membrane, except just opposite the insertion of 
the maxillary palpi; these latter are 6-jointcd. Paraglossso nan- 
rowed at the base, their inner basal margin rounded and bearing 
a row of stiff bristles, their outer basal margin concave ; across 
the centre they are widened, from whence the outer apical 
margins converge in slightly rounded lines, and the inner apical 
margins diverge in nearly straight lines, and the apex is produced 
into a narrow, slightly pointed process. Lingua much more 
elongate than in any of the preceding' genera; the transversely 
ridged portion four times as long as broad, gradually tapering to 
the apex, which, however, appears to he destitute of the ladle¬ 
shaped termination observable in the higher Apkke. Beneath with 
the menturn about four times as long as wide, very little widened 
towards the apex. Suhmentum long, widened at the apex ; labial 
palpi 4-joinied, the joints much swollen at the apex. Maxilla* 
clothed with very long spinose hairs; lora very strongly deve¬ 
loped, forming an acute angle at their point of juncture. 

Panurgus, JPanz. Xrit. Rev. ii. p. 209. (PL V. figs. 4-6.) 

Labrum transverse, widened in front, and slightly rounded on 
its anterior margin, fringed with long spinose hairs of rather 
unequal lengths. Epipharynx triangular. Scales at the base of 
the maxillae ovate, set with strong upright bristles. Maxillae 
with the basal portion fringed outwardly with a row of short erect 
bristly hairs ; palpi 6-jointed ; blades semilncent, pointed, gradu¬ 
ally narrowed to the apex, with rather a wide membrane on their 
inner margins towards the base; surface apparently clothed 
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with exceedingly short hairs. Paraglossae truncate at the base; 
the inner margin of the basal portion nearly straight, and almost 
uniting over the base of the lingua; apices produced into elon¬ 
gate pointed sheaths in shape something like the maxillae. 
Lingua elongate, a little more than seven times as long as wide, 
finely ridged transversely, and with whorls of short bristly hairs; 
apex simple, with apical spoon-like lobe. Beneath, with the 
mention widened towards the apex, about three times as long as 
its greatest width; labial palpi 4-jointed, the joints narrow and 
rounded, basal joint very long, longer than the 2nd and 3rd to¬ 
gether. Submentum short, pear-shaped, and hyaline. Maxillae 
with a tuft of long feathery hairs at the base ; 3ora very feebly 
developed, formed, as in Frosopis, Colletes , &c., merely by the 
ehitinized arch of the membrane investing the space between the 
cardines. 

The feebly developed lora and sub cylindrical labial palpi, 
associated with the long pointed paraglossne and elongate lingua,. 
characterize this genus as one of the most peculiar in our list, 
especially when it is remembered that in the genital armature 
it is also unlike all its congeners. 

Dueourea, lep. Hist. Hat des Ins., Hym . ii. p. 226. 

Of this rare genus I have only one specimen with its tongue 
extended, which only shows some of the sclerites, but they evi¬ 
dently are arranged very much as in JBanurgns . The inaxillae have 
some long hairs at the base; the lingua hardly extends beyond 
the apices of these organs. The maxillary palpi are 6-join ted; 
the labial 4-jointed, all of which are more or less cylindrical, as in 
the short-tongued genera; the basal joint is almost as long as the 
two following together. The submentum is short and subhyaline 
as in Bammjus, but there appears to be no thickening of the 
membrane between the cardines at its apex, as in that genus, and 
therefore nothing to correspond to the lora; the cardines them¬ 
selves are very long and straight. 

Bophites, Spin. Ins. liy. ii. p. 9. 

Labrum transverse. Epipharynx triangular, somewhat rounded 
at the apex. Maxillary palpi long, 6-jointed; blades of the 
maxillae rather short, pointed, bearing on their surface some 
semierect hairs, internal margin membranous. Paraglossse at the 
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base ensheathing tbe base of the lingua; their lateral por¬ 
tions produced into two elongate sub fill form processes, slightly 
widened and truncate at tbe apex. Lingua very long and rather 
thick, clothed with very long hairs. Menlum elongate, trilobate 
at the apex; labial palpi with the first 3 joints sheath-like, the 
1st and 2nd subequal in length, 3rd very short, 4th divergent, 
cylindrical, about half as long as the 3rd. I have only dried 
specimens to work from, but the submentum is not recognizable, 
and the lora are apparently absent; in fact all tbe sclcrites in 
this portion of the mechanism appear to be on the same plan as in 
Sphecodes and llalictus : through the dried membrane that lies 
between the cardines two elongate sclcrites can be clearly dis¬ 
cerned ; these, I have little doubt, are analogous to the straps 
observed in the genera above mentioned; the cardines also are 
very long and thin, as in those genera. These points of re¬ 
semblance in structure to Hctlictm are most interesting, as the 
facies of the insects themselves is so completely Halictiform. 
The shape of the labial palpi, on tbe other band, is similar to 
those of the higher Apidag but the paraglossce are unlike those 
of any other genus that I know. 

Nomada, Fair . 8g$t, Fnt. p. 38S. (PI. VI, figs. 1-3.) 

Labrum transverse, anterior margin rounded, slightly produced 
in the centre. Epipharynx very long, its sides slightly sinuate, 
its apex bluntly pointed. At the base of the m axil he are two 
suboval chitinized spots, which appear to represent the basal 
scales. Maxi!he dark outwardly, scmilucent towards their inner 
margins; palpi very long, 0-jointed; blades pointed and fringed 
with hairs at the apex, inner margin broadly membranous. Para- 
glosstt) wide, elongate oval at the base, slightly sinuate on their 
external margins, apex produced into an elongate spine-hive pro¬ 
cess, Lingua elongate, nearly linear, nearly ton times as long as 
wide, finely ridged and whorled with bristles ; apex with a spoon* 
shaped lobe, although this lobe seems to he retracted (at least in 
the specimen which I have examined) amongst the apical hairs. 
Beneath, with the mentum about four times as long as wide; 
labial palpi 4-jointed, the joints narrow and rounded, 1st joint 
longer than the other 3 together; submentum very long. Maxilla) 
with a few long plumose hairs at the base; lora well developed, 
but short; cardines very long. 
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This genus forms a curious transition between the Andrenidce 
and Apidse; if has many of the characteristics of the latter 
division, such as the long tongue, the acute paraglossae, and the 
long basal joint of the labial palpi; on the other hand, however, 
it has the joints of the labial palpi subcylindrical, like the Andre- 
niche, without any tendency to the flat or concave sheath-like 
form of the Apidse, and its species are also parasitic on the Andre- 
niche (with the exception of N. sexfasciata , which frequents the 
burrows of Encerct). These last two characteristics seem to me to 
outweigh the others ; and notwithstanding the exhaustive remarks 
of M- J. Perez on this subject (‘ Contrib. a la Faune cles Apiaires 
de France, 5 p. 152 et seq .), where he considers Noma da as allied 
to Megachile , I should feel inclined to treat it as a very 
abnormal genus of the Anclrenid.se. 


Epeolhs, Latr. Hist. Nat . iii. p. 375. (PI. VII. flgs. 7, 8.) 

Labium transverse, its wiciest portion a little before the base, 
its sides thence converging towards the apical margin, which is 
slightly sinuate and bears a small tooth in the centre of the 
sinuation. Selerites of the hypopharynx narrow and straight. 
Scales at the membranous base of the maxillse represented by 
two little dark chitinous selerites, which hardly project beyond 
the membrane. Maxillae with their blades rounded at the apex, 
which bears round its edge a few extremely short hairs, very 
convex above and concave below’, their inner edge slightly curved 
and rather narrowly membranous; palpi with one joint ; under 
margin of the blades of the m axil he produced so as nearly to 
ensheath the lingua <fce. when closed. Paraglossce wide and 
parallel-sided at the base, shaped something like razor-blades, 
their cutting-edge inwards; their outer margins thickened and 
produced at the apex into a long, slightly curved filiform process, 
extending to about the apex of the 1st joint of the labial palpi. 
Lingua very long, clothed with rather long hairs; mentum 
beneath five times at least as long as wide, subparallel-sided; 
labial palpi with the 1st and 2nd joints sheath-like, 1st once and 
a third as long as the 2nd, apex of the 2nd with a fringe of long 
hairs, 3rd and 4th joints cylindrical, 4th shorter than the 3rd; 
submentum elongate, widened at the apex; lora rather elongate, 
strongly developed; cardines thick and curved. 
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Melecta, Lair. Hist. Hat. xiv. p. 48. (PL Till. figs. 8, 4.) 

Labrum almost as long as wide, slightly narrowed, and trim- 
eately rounded in front, densely clothed with long, shortly 
branched hairs. Epipharynx very long, narrow, and pointed; at 
the side of each sclorite of the hypopharvnx near the base, the 
investing membrane is ehitinized into a dark plate, a character 1 
have only seen in this genus. At the base of the maxilla*, lying 
on the membrane, are two long dark chitmons plates which I 
believe represent the basal scales. Maxilhe nearly black on the 
basal portion outwardly, membranous inwardly, bearing the 
sclerites mentioned above ; palpi rather short, 4-jointed ; blades 
forming two very concave sheaths, the superior portion narrow, 
with only a very narrow membranous edge towards the apex of 
their inner margins ; apices with a few very short hairs. Para- 
gloss® very long, narrow and pointed, extending almost to the 
apex of the maxillae. Lingua very long, narrow, slightly con¬ 
stricted at the extreme base. Beneath, with tlie mentum very 
long ; labial palpi 4-jointed ; 1st joint more than three times as 
long as the 2nd ; 3rd and 4th snbequal, together not quite half 
so long as the 2nd; 1st and 2nd joints flat, and somewhat 
sheath-like; 3rd and 4th cylindrical. Submentmn elongate and 
parallel-sided, except at the extreme apex; lora and cardines 
very long. 

Ccelioxts, Latr. Gen . Crust, et Ins. iv. p. 166. 

(PL VI. figs. 4-6.) 

Labrum longer than wide, parallel-sided; its apex abruptly 
truncate. Epipharynx hidden beneath the labrum. Scales at 
the base of the maxilla* strongly developed, elongate oval, 
fringed with long hairs, their bases hidden in the specimen 
before me by the labrum; sclerites of the hypopharynx strongly 
developed. Maxillary palpi two-jointed; apical joint very small 
and narrow; blades of the maxillae pointed, submembranous, 
with a strong thick midrib from which a series of beautifully fine 
parallel stria* extend on to the membrane at each side, those on 
the inner side extend about halfway across the membrane, those 
on the outer side, which is convex, appear to extend to the 
exterior margin, and on the reverse or concave underside of the 
blade appear as ridges, which under a |-ineh objective may be 
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seen to be set with rows of fine short golden hairs. Lingua long, 
not constricted at the base ; on the membranous covering of the 
upper surface of the mentum are two elongate, subparallel, narrow, 
slightly sinuate sclerites extending almost to the junction of 
the labial palpi; beyond these at their apical ends are two others, 
which diverge rather rapidly and apparently terminate near the 
base of the lingua; these latter seem to me to be a portion of 
tbe paraglossse, and to represent the broad basal portion of those 
organs so largely developed in the shorfc-tougued bees; the rest 
of the paraglossse, i. e. their apical portion, appears beneath the 
membrane which invests the root of the lingua and extend as 
two straight narrow sheath-like bodies to about the apex of the 
1st joint of tbe labial palpi. Mentum beneath slightly widened 
to the apex, three times or more as long as wide; 2nd joint of 
labial palpi twice as long as tbe 1st, with its inner margin sub- 
membranous; 3rd and 4tk very short, cylindrical. Submentum 
very elongate and narrow ; lora short and wide; cardines much 
curved, and widened about tbe middle. 

Megachile, Lair. Mst . Nat. xiv. p. 51. (PL VIII. figs. 1 , 2.) 

Labrum shaped much as in. Coelioxys , longer than wide, with 
nearly parallel sides and abruptly truncate apex; epipharynx 
hidden beneath it; scales at the base of the maxillae stipitate, 
their blades about four times as long as wide, parallel-sided, and 
truncate at the apex, inner margins set with bristly hairs; maxil¬ 
lary palpi 2-jointed, blades of the maxillae as in Ccelioxya , 
and all the upper sclerites of the mentum, paraglossse, &c. 
scarcely differing from those of that genus; the first joint, how¬ 
ever, of tin 'abial palpi is longer, almost equalling the 2nd. 
For the me am &e. the description of Ooelioxys will practically 
apply. 

Ahthid’ m, Fair. Syst. Piez. p. 364. (PI. VIII. figs. 5-7. ) 

In this genus again the cibarial apparatus is almost identical 
in form with the preceding, but the maxillary palpi are only one- 
jointed; and the outer half of the blades of the maxillae are more 
deeply striate and set w T ith stronger bristles; the sclerites also, 
which connect the mentum with the maxillae and form the con¬ 
tinuation of the sclerites of the hypopharynx, are much curved, a 
large portion of the curves showing on each side, and unite with 
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the mentum quite at the base instead of about a quarter of its 
length from it; the lora are very wide at tlieir bases; the 
cardines long and slightly curved. 

Stems, Pam. Brit. Bev. ii. p. 246. 

Of this 1 have only dried specimens, but the sclerites all appear 
to be arranged as in AutMclium • but the 2nd joint of the labial 
palpi is nearly twice as long as the 1st, and the 3rd is widened 
and somewhat fiat, about equal in length to the 4th. 

Osmia, Pam . Brit. Bev. ii. p. 230. (PL YIL figs. 4-6.) 

Labrum elongate, as in the preceding genera, but more 
rounded at the sides. Scales at the base of the maxilla) very 
strongly developed, sub parallel-sided for two-thirds of their 
length, the outer sides thence rounded to the apex ; inner mar¬ 
gins set with long hairs ; maxillary palpi 4-jointed; blades very 
long and pointed, with a strong longitudinal rib. Sclerites of 
the membranous covering of the mentum as in CceMo%ys, &c. ; 
those of the upper part of the paraglossia longer and narrower; 
the lower or blade-like portion of the paraglossse rounded at the 
apex, and extending to about three-fifths of the length of the 1st 
joint of the labial palpi. Lingua very elongate; labial palpi with 
the 2nd joint once and a half as long as the 1st; apical joints 
very short; sclerites connecting the maxillae with the mentum, 
joining the latter close to its base ; submentum very long and 
narrow, widened at the apex; lora elongate, wide at their bases; 
cardines rather narrow and slightly curved. 

Chelostoma, Lair. Gen. Crust, et Ins. iv. p. 161. 

(PL VII. figs. 1-3.) 

Labrum elongate, slightly sinuate at the sides, truncate or 
slightly emarginate in front. Scales of the maxilla) hidden be¬ 
neath the labrum. Maxillary palpi 3-jointed; blades of the 
maxillae broadly membranous on their inner margin. Sclerites of 
the upper surface of the mentum as in Coelioxys , &c.; those of 
the paraglosssB which were noted in that genus as appa¬ 
rently belonging to those organs, here show their connexion 
most plainly, and appear as elongate divergent dorsal plates, 
whereas the rest of the paraglossse, extending below and beyond 
them, forms a sort of lateral sheath to the base of the lingua, its 
upper edge being set with bristly hairs. Lingua elongate, linear, 
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nearly twice as long as the lirst two joints of the labial palpi. 
Mentimi beneath about 3 J times as long as wide, slightly widened 
towards the apex, where it is deeply trilobate. Labial palpi with 
the first three joints sheath-like, and only the apical one cylin¬ 
drical and divergent; the basal joint is very short, not a quarter 
so long as the 2nd, the 3rd is about half as long as the 1st, and the 
4th distinctly longer than the 3rd. (I must here correct an error 
which, I regret to see, occurs in my synopsis, Trans. Ent. Soe. 
Loud. 1884, p. 213. I there say of the labial palpi “apical joint 
much shorter than 3rd; ” and I may remark also that E. Smith, 
in his £ Catalogue of British Hymenoptera, 5 pt. 1, figures this 
genus on pi. viii. as having the apical joint very short, and I fear 
I must have taken my measurements from him.) Submentum 
short, iu the form of an elongate triangle; lora strongly deve¬ 
loped ; cardines long and slightly curved. 

Heriades, Spin , Ins, Lig . ii. p. 7. 

1 have only dry specimens of this genus, but the maxillae and 
the upper sclerites of the mentum and the paraglossae appear to 
be arranged much as in Chelostoma ; the labial palpi differ from 
those of the species of that genus in having the terminal two 
joints divergent and cylindrical, instead of only the terminal one; 
the submentum is very elongate, and the lora has very long arms ; 
the maxillae at the base are clothed with very long plumose hairs ; 
the cardines are long and straight. 

Etjcera, Scop. Ami. Mist . Mat. iv. p. 8. (PL IX. figs. 1-3.) 

Labrum semicircular; epipharynx angularly pointed; mem¬ 
branous base of the maxillm bearing two small narrow sclerites, 
widening towards their apex and approaching each other apically, 
dark at their base and nearly hyaline at their apex ; at the base 
of the hyaline portion near its exterior margin is a small dark 
spot out of which rises a bristle, and there are two other bristles 
emerging from the dark portion. These sclerites appear to me 
to be homologous with the scales in the other genera, although 
much less developed; from their bases extend two other much 
larger sclerites, of a pale horn-colour, elongate, slightly widened 
at the apex, adpressed to the membrane, with their exterior 
apical angles rounded; they reach almost to the base of the dark 
opaque portion of the maxillm: I have seen nothing like them in 
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any other genus ; whether they are brandies of the scales or what 
I cannot say, but they appear to be connected with them. 
Maxillary palpi 5-jointed; blades of maxillae widely membranous 
on their inner margin, especially at the apex; the thickened ex¬ 
ternal rib produced at the apex in the form of a hook : base or 
dorsal plates of the paraglossse, when these organs are closed, 
ensheathing the base of the lingua; the lateral portions of the 
paraglossse extend from behind the middle of the dorsal sheath 
in very long, slightly curved processes to beyond the apices of 
the labial palpi; their inner margins widely membranous at the base, 
the membrane gradually narrowing towards the apex, and dis¬ 
appearing* at a point about a quarter of the entire length of the 
paraglossse from the apex. Lingua very elongate; nientum be¬ 
neath elongate, parallel-sided, receiving the sclerites of the hypo- 
pharynx near the base; 1st and 2nd joints of labial palpi very 
wide, their inner margins widely membranous, 1st nearly twice 
the length of the 2nd, 3rd and 4th short, cylindrical and divergent. 
Submenfcum very long; arms of the lora veryfong and strongly 
developed; cardines wide and slightly curved; base of the 
maxillae clothed with very long plumose hairs. 

Anthophora, Lair. Now* Bid. cVHist. JLat. ix. p. 167. 

(PL IX. figs. 7-9.) 

In this genus the labrum is transverse, largely rounded in 
front, the apex of the epipharynx shows beyond it, narrow, 
truncate at the apex, with the comers of the truncature rounded. 
The scales of the maxillae are oval, strongly developed, and set 
with strong testaceous bristles along their margins. The sclerites 
of the hypopharynx are very divergent, and extend under the 
maxillae to beyond their palpi, whence they approach the sub- 
inentum at right angles, just at its juncture with the men turn. 
The maxillary palpi are 6-jointed; the blades of the maxilla) are 
long, narrow, convex above, with a narrow parallel membranous 
inner margin, through which, near the apex, a few hairs can be 
seen fringing the thicker portion on its concave side. Sides of 
the rnentum produced and folded over the upper surface, their 
edges touching each other for a short distance about the middle 
and then diverging rapidly to the base of the labial palpi; these 
are attached more laterally than in any of the preceding genera, 
and their attachment can be plainly seen from above; the basal 
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joint is exceedingly long and sheath-like, its inner margin widely 
membranous, and its midrib set with hairs ; these hairs much 
resemble those of the maxillae, which show through the mem¬ 
branous inner margin of those organs in so many genera; the 
2 nd joint is about a third as long as the 1 st, also sheath-like; the 
3rd and 4 th are very short, subequal, cylindrical, and divergent. 
Beyond the divergent sides of the men turn above are seen two 
sclerites which terminate at the base of the paraglossse; these 
latter organs are most strongly developed; their bases are 
truncate, their inner edges overlap, thus forming a complete 
dorsal sheath for the base of the tongue; the apices of these 
dorsal sheaths are rounded exteriorly ; from about their middle 
originate the lateral or blade-like portions of the paraglossse, 
which extend as latero-ventral sheaths to about as far again as 
the dorsal ones— i. e., to about two thirds of the. length of the 1 st 
joint of the labial palpi. The lingua is exceedingly long, longer 
than in any other genus of our British Anthophila; the base of 
the lingua beneath is also sheathed by two sclerites, which appear 
to be ventral portions of the paraglossse. Mentum subparallel¬ 
sided, at the apex emarginate, but with its centre produced into 
a pale angular process 5 submentum exceedingly long and narrow; 
arms of the lora short but wide at their union ; cardines short 
and narrow. 

Sabopoda, Latr. Gen. Crust, et Ins . iv. p. 177. 

(PL IX figs. 4-6.) 

Only distinguishable genetically from Anthophoret by the 4- 
jointed maxillary palpi and the 2 -join ted labial palpi, both of 
which are sheath-like. How F. Smith and Hours managed to 
find a 3rd and 4th joint I fail to understand. 

Cebatina, latr. Hist. Hat. Ins. xiv. p. 50. 

Of this genus I have only dried specimens. Labrum sub¬ 
quadrate ; epipharynx long and pointed ; scales at the base of 
the maxilla? largely developed, bearing a few long hairs. Maxil¬ 
lary palpi 6 -jointed; blades of the maxilla? with their inner 
margin widely membranous, through which can be seen the long 
hairs that fringe the thicker part of the blade on its underside. 
Paraglossse sheath-like, their apices situated at about two-fifths 
of the length of the 1 st joint of the labial palpi from its base. 

LIMN. .J OUBN.—ZOOLOGY, YOL, XXIII. 30 
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Lingua very elongate. Mentum elongate ; labial palpi with the 
first two joints sheath-like, the 2nd nearly as long as the 1st, 3rd 
and 4th very short, divergent; submentum very long, and the 
arms of the lora likewise. 


Psithyrus, Lap. Ann. Soc. Ent. Er. ii. (PI. X. figs. 1-8.) 

Lab rum transverse, widely ronnded in front, the centre of flu? 
front margin slightly produced,* epipharynx triangular; scales 
of the max dim small, but bearing several long bristles. Mart illary 
palpi 2-jointed; blades of the maxillae elongate, their apices 
slightly incurved and hook-like, their inner margins widely mem¬ 
branous, showing the hams which fringe the thicker part of the 
blade beneath very clearly. Paraglossso with their dorsal plates 
pointed at the apex, the base bearing a few lateral hairs ; lateral 
portions sheath-like, rounded at the apex. Lingua very long. 
Mentum beneath parallel-sided, truncate at the apex; 1st and 
2nd joints of the labial palpi very wide and sheath-like, with wide 
membranous inner margins, 2nd about one fourth as long as the 
1st, 3rd and 4th very short, cylindrical and divergent. Sub- 
mentum shortly pyriform. Sclerites of the hypopharynx joining 
the mentum at some distance from the base ; lora with short 
curved arms; eardines nearly straight. 

Bombtjs, Lair. Hist. Nat. Ins. xiv. p. 63. (PI. X. figs, 4-6.) 

So like Fsithijms in all its details that there really is no object 
in giving a special description of them; for particulars, there¬ 
fore, see that genus. 

Apis, Linn. Syst. Nat. ed. x. 1. p. 574. (PL X, figs 7, 3.) 

Labrurn widely transverse, rounded in front; epipiiaryin- 
pointed ; scales at the base of the maxilla* not represented as iar 
as I can see. Maxillary palpi 1-jointed; blades of the maxilhe 
very widely membranous inwardly, their apices with a few short 
bristly hairs. Paraglossse ensheathing the lingua at its base, 
produced at their apices into two rounded, hyaline lobes ; lingua 
elongate. Mentum beneath short, twice and a quarter as long as 
wide, its apex truncate. Labial palpi with the 1st joint widely 
membranous on its external margin, fringed with long hairs on 
its internal margin, and set with long stiff bristles on its dark 
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central portion ; 2nd joint not a sixth aw long as the 1st, !ird and 
•fth divergent, very short, cylindrical Subinontum short and 
triangular; lora with tie arms short but well developed ; cardines 
nay slightly curved. In the queen all the parts are shorter and 
*touter. 

EXPLANATION OF THE PLATES. 

Plate III. 

Fig. 1. Collet ex : anterior view. 

2. „ posterior view. 

2. l x imopis : anterior view. 

4. ,, posterior view. 

5. ,, lingua parnglossn?. 

6. Sp/iccodes: anterior view. 

7. „ posterior view. 

S. „ lingua paragloss®. 

it Ihilietm s 1 : anterior view. 

10. ,, posterior view. 

11. ,, base of lingua paraglossia. 

Plate IY. 

Fig. 1. Andrew a : posterior view. 

2. „ anterior view. 

•). „ base of lingua paraglosssc, 

4. Cilitm: anterior view. 

5, „ posterior view. 

ti. ,, lingua paraglossic. 

7. Maempk : anterior view. 

S'. ,, posterior view, 

U. „ lingua paraglossue. 

Plate V. 

Fig, 1. JJamjpoda: anterior view. 

2. „ posterior view. 

o. „ lingua paraglossje. 

4. Pannrgm : anterior view. 

5. „ posterior view. 

f>. „ base of lingua paraglossie. 

Plate VI, 

1? ig. 1. Nomada ; anterior view. 

2. „ posterior view. 

;i ,, base of lingua paraglossic. 

4. Ccelioxgs: anterior view. 
r>. „ posterior view. 

6. „ base of lingua paraglossas. 
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Plate VJL 

Fig. 1. Chdodoma: anterior view. 

2. ,, posterior view. 

8. ,, base of lingua pa,rag]ossas. 

4. Osmia : anterior view. 

5. „ posterior view. 

<>. „ base of lingua puraglossn*. 

7. Hpeolus : posterior view. 

8. „ anterior view. 

Plate Till. 

.Fig. 1. Meyachile ; anterior view. 

2. „ posterior view. 

3. Mated a : anterior view. 

4. „ posterior view. 

f). Anthklum : posterior view. 

15. „ anterior view. 

7. „ base of lingua paraglossa*. 

Plate IX. 

Fig. 1. Eucem : anterior view. 

2. „ posterior view. 

3. „ base of lingua paraglossa*. 

4. Suropoda : anterior view. 

5. „ posterior view. 

6. „ base of lingua paraglossa 4 . 

7. Anthophora: anterior view. 

8. „ posterior view. 

9. „ base of lingua paraglossa. 

Plate X. 

Fig, 1. Bsithi/nis: anterior view. 

2. „ posterior view. 

8. base of lingua paraglossa;. 

4. Bon thus: anterior view. 
f>. „ posterior view. 

6. „ base of lingua paraglossa*. 

7. Apis : posterior view. 

8. „ anterior view. 
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( >i! sumo Old-World Species of Scorpions belonging to the Grenus 
Iso m Arm. .By R. 1. Pocock, of the British Museum (Nat. 
Hist.). (Communicated by W. Percy Slajdef, P.L.S.) 

[Read 1st May, 1890.] 

(Plate XL) 

Th e examination of the Buthkhe contained in the collection of 
the British Museum has brought to light a number of new species 
of the group. Those referable to the genus Isometrm are described 
in the present paper, which contains in addition a few remarks 
upon the synonymy and affinities of one or two previously known 
forms. 

Speaking gen orally, Isometrics may be described as almost cosmo¬ 
politan, although representatives have not yet been recorded from 
the Palmaretie Region. However, in Central and South America, 
in Africa south of Sahara, in India, Indo-Malaya, Austro-Malaya, 
and Australia, the species are fairly abundant, and the number at 
present known will no doubt be largely added to in years to come. 

In the Old World the species may nearly always bo recognised 
from others of the family by the variegated black and yellow 
pattern of the upper surface of the body and legsin some 
instances, however, the limbs and trunk areconcolorous or nearly 
so. The colours, allowing for variations, are of some use in the 
recognition of the species ,* but the best characters for this pur¬ 
pose are to bo obtained from the form of the tail, the keels on the 
tail and trunk, the width of the hand, length of lingers, &e. 

The sexes differ largely and in a variety of ways. The male 
may almost certainly be detected by possessing someone or more 
of flic following features :—The hand will either be longer and 
relatively more slender, or stouter than it is in the female ; at the 
base of the daetyli there is often a wide space formed by the 
sinoation of the proximal half of these organs ; the trunk is more 
slender; the tail much or a little longer, and sometimes only 
thicker. 

On Isometrus tricardtatus, Simon. (Pi. XI. figs. 1-1 d.) 

(Simon, Ann. Mm. Genov, xx. p. Iff, 1884.) 

Pondicherry, Madras. 

The British Museum possesses three specimens of a species o t 
Isometrm sent by Mr. Jordan from Madras, which are unques- 

linn. jotjrn.—zoolooy, von. mu. 31 
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Ltunaij|y referable lo ,L trieat'iuahtti of Simon. Muiim. Simon h 
< *ii !v a female for examination, and since one of the specimens in 
‘he Museum collection Is a. male, 1 lake thin opportunity of 
ponding out tin* sexual charnel ers of the species. 

V. Tail mueli shorter* only a little more! than live* times the 
lengih of the cejbmiothuraji; the first segment about as wide as 
Ion;*'; oejdudotimrax aimttf an long as the first segment and 
hall* the second, slightly longer than, iho fourth. 

Manus about as wide as the hmehium ; digits in contact 
(hroughout, neilher Inhale nor sinuate. 

.■*;. Tail imieli lunger, ahout six, times the length, ol; the eopha- 
loihoi’a\ ; width uf the lirst segment equal to ‘about two thirds 
of iis length; eeplialothurax very slightly longer than the first 
caudal segment, much shorter than tho fourth. 

Manus wider than the bra, chi mu; digits not quite in contact 
at the base, the movable furnished with a distinct lobe which tits 
into a. MMiathm of the immovable. 

A tShophnuKi, Oates, is very closely allied to this form and can, 

I think, only be regarded as doubtfully distinct. In his descrip¬ 
tion of this species Mr. Oates, to whom A triearimtm was 
mi know is, lays considerable stress on the differences of colour 
between the two 5 but the words “ (he whole animal uniform fid* 
eot'itf with which he differentiates L (rmtrinafu^ are scarcely in 
accord with the following sentence with which Monti. Simon ’m 
tbr.cripl ion begins, ** Ofwettrr fa lens t pedlhum dihUtonhu^ cantLe 
tuymt'ula (jiun/tt lauier infra infmealn.'' As a matter of lad, 
there is very little difference in colour heiween the two, what dif¬ 
ference there is bring; noticeable principally on (he. under surface 
of the Jail, which is moreiufuHrate in A HhopitUhUL The upper 
surface of the abdomen in at leant one of the specimens of A /re* 
unrimdm Is eon 1 durably darker than I lie limbs, and the tergites 
bear distil ml Imres of the fulvous J>ndmpcd mark which is notice- 
nidi* in the specimen of A Hhoptand'd which Mr. Oates has .kindly 
presolded to the Museum. Apart, however, from colour, certain 
differences are undoubtedly to be seen between tins specimen of 
A SIwphnidii and, the throe above-mentioned examples of A tin* 
(utnnulm * Thus, in the former the eephalolhorax: k slightly more 
emargimite in front and the anleoeular area *m more coarsely 
granular; again, the lateral tergal keels arc ,represented only by 
one conspicuous granule, whereas in A tnmnnalim these keels 
arc composed of about three fused granules; and, lastly, the tail 
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in I. Shoplamlil seems to bo more slender, and the terminal 
granule of the superior keels not larger than the rest. 

Whether these differences will stand the tost of an examination 
of a number ot* specimens from intermediate localities is a question 
which, for the present, must be left; unanswered. 

There is also in the Museum a single dried and apparently 
young female specimen of an Isometrics which came from Calcutta. 
This specimen differs from the type of I ShoplandH in having no 
trace ol*lateral tergal keels and distinctly longer maims and digits; 
these taken together being longer than the first two caudal seg¬ 
ments, whereas in I 8hoj)l(i'ti(lil they are slightly shorter. I have 
very little doubt, however, that it is referable to this species. 

Oil ISOMETIUJS SCUTILUS (G. Kocli .). 

Syu. Lydias scat'll us., (J. Koch , Die Araclm.xii p. o, fig. 962 (1842). 
Isometms Webeii, Kursek, BcH.ml. Zells, xxvi. p. 184 (1882). 
lsoiuctrus roessor, Simon , /inn. Mas. Genov, xx. pp. 47,48 (1884). 
Isometms Phipstmi, Dales, Journ. As. Soc. Bombay , iii. p. 248, 
figs. 1 & 2 (1888). 

Teuasseriin (Oates), Sahinga ( Mils. Brit.), Bintang (Koch), 
Java (Simon), Keeling Island (Thordl). 

There seem to me to be very strong grounds for suspecting, with 
Dr. Thoroll *, that I. Bhqmrd is synonymous with Z scalihcs. 
Undoubtedly, to judge from the figure and description of the 
latter, the two forms differ in colour; but those who are familiar 
with Koch’s work will know what confidence is to be placed in 
the accuracy of the painting of the figures and in the wording of 
the descriptions. 

In shape, length of tail and of appendages, &o., the figure of 
scutilus agrees well with the female of JBhipsoni (of which, 
through the liberality of Mr. Oates, the Museum possesses 
many examples from Tenasserim); and the view that the 
two are identical is much strengthened by the fact that the 
Museum possesses in addition a specimen of Isometrus (obviously 
co-specific with the specimens named JBMpsoni) from Sahinga, a 
locality relatively so dose to Bintang, whence the type of scutilus 
came. 

However that may be with regard to seniilus, there is no ques¬ 
tion that theBrifcish-Museum specimen from Salanga is X TVeheri, 

# Aim. Mus. Genov, (2), vii p. 525 (1889™1890). 

31* 
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Karseh, a species recorded from the same locality. Uonsequently 
l^hifsoni is synonymous with IVaberi. Moreover, niter carefully 
comparing Mr, Oates’s speeiuuuis with the description of7. mournr, 
Simon, I cannot find a single character to justify the specific 
separation of the specimens named Phipsoui from those named 
messor. 

I "believe, therefore, that the above synonymy is correct. If so, 
the species has a fairly wide range, occurring in Tenasserim, the 
Malay Peninsula, and Java, and, according to Thorell, as far to 
the east as Keeling Island. 

Isomethus Hose i, sp. n. (PL XI. fig. 2.) 

Colour: upper surface of trunk, tail, and appendages dull 
black, the hands, tarsal segments of legs, and vesicle with tinge 
of red; upper surface of elieliceroo shining; peefciucs oclmiceous; 
abdominal stemites and under surface of appendages with red¬ 
dish tint. 

Cegludothorajo finely and closely granular throughout; anterior 
border widely and shallowly ernarginatc; oeular tubercle deeply 
and widely sulcate, the median eyes large and separated by a 
space equal to about half a diameter ; no trace of keels running 
from the tubercle to the anterior margin, and the posterior keels 
which bound laterally and posteriorly the central cephalothoracic 
depression only very slightly developed. 

Tergiies finely granular throughout; the first six marked pos¬ 
teriorly witli a median granular keel, the seventh marked with a 
short, anterior, median, granular keel and on each side with two 
slightly oblique granular keels which run from the hinder margin 
of the tergite to the middle of the pinto, but do .not unite in 
front j tlie third, fourth, fifth, and sixth, tergites furnished pos¬ 
teriorly on each side of the middle with a conspicuous transverse 
ridge formed by an aggregation of coarser granules. 

Biornitm : four anterior bisuleate and almost wholly smooth, 
feebly granular only on the side margins; the fifth very .feebly 
granular and armed with four granular keels, of which the two 
internal attain the hinder margin of the plate, while the external, 
are situated in the middle with their extremities'far from the 
anterior and posterior margins. 

Tail somewhat slender, a little thicker at the base than at the 
apex ; the intercarinal spaces almost wholly smooth, at most very 
feebly granular, the keels strongly marked but weakly granular; 
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tlic first segment with ten keels, the second, third, and fourth 
with eight; the fifth with six keels, whereof the median inferior 
is strongly developed and the superior lateral very feeble; the 
superior median excavation in the caudal segments, shallow on, 
the first, becomes progressively shallower from before backwards 
and is almost absent on the fifth. Vesicle with a conspicuous 
but very feebly granular inferior median keel and very faint 
traces of a lateral keel on each side of it; aculeus slender and. 
long, as long as the vesicle ; spine under the aculeus strongly 
developed. 

Pal fulfilments with upper surface very finely granular and 
hounded in front and behind by a more coarsely granular ridge ; 
anterior surface defined below by a feebly granular ridge and 
bearing a few larger granules; inferior surface smooth, posterior 
surface smooth. Braehium with three feebly granular keels on 
its upper surface, a smooth weak keel on its posterior surface, a 
few larger granules in front, and with smooth under surface. 
Hand narrower than braehium, furnished above with two very 
weak, very feebly granular keels, and in front with a few slightly 
larger granules. DttehjU long, curved, in contact throughout 
their extent, neither lobate nor sinuate. 

Legs. —Qosee smooth ; femora granular in front, carinate and 
granular above and below, smooth behind; patellae granular 
and carinate anteriorly; tibia* also granular and carinate, those 
of the two posterior pairs armed d is tally beneath with a stout 
spine. 

Beelines extending as far as, but not beyond, the distal extre¬ 
mity of the coxa* of the fourth pair of legs, furnished with 20-21 
similar teeth and not provided with an internal basal lobe. 

Stigmata slit-like. 

Measurements in m illimetres. —Total length 62 ; eephalothorax, 
length 7*5, width 7 ; tail, length 10, width at base 3*5, at posterior 
end of 5 th segment 2*5; 1st segment, length 4*5; 2nd segment, 
length. 5*5 (of the two together 10*5) ; 5th segment, length 8‘3 ; 
vesicle, length 4*5, width 2*4 ; aculeus, length 3. Palp— 
hmnerus, length 7; braehium, length 8*5, width 3; hand, length 
2*5; length of “ hand-back 55 4, of movable daetylus 8*5. 

A. single specimen, in all probability a female, from Bararn in 
Borneo, collected by Mr. Charles Hose. 

Superficially this Scorpion bears a strong resemblance to the 
females of the black American species I. ameriemms , L androcot- 
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tfwifes, and. J. indgnis. From these, however, it may be at once 
recognized by its keelless hands and cophalot borax and its spurred 
posterior tibiae Of the Oriental species it appears to come nearest 
to L seif Ulus of Koch, hut the two may he separated by their 
marked difference in colour, the number of pecfcinal teeth, &e. 


XsOMMmiTS lUFtTSOATtm, sp. in 

Colour (dry specimen) very deeply infuscale throughout; 
upper surface of the trunk, the tail above ami below, ami anterior 
surface of limbs obscurely variegated with fulvous spots and 
bauds. 

Gephalothorckv lightly emarginato in front, covered, more or less 
completely, but not particularly closely, with low rounded granules, 
which are smaller and more scattered on the autoocular area ; 
ocular tubercle well developed, smooth and excavated between 
the eyes ; distance between the eyes greater than a diameter. 

Tergit.es somewhat coarsely granular throughout, the granules 
coarser and more close-set posteriorly; each of the first six 
marked with a relatively long median granular keel; the seventh 
with a conspicuous median, anterior, granular prominence and 
two well-developed granular keels on each side. 

Storm'tes : first two smooth, third weakly granular at the sides, 
fourth weakly granular at the sides and behind, smooth only in 
the middle in front, the fifth weakly granular throughout and 
furnished with four sub equal granular keels. 

Tail robust, shallowly excavated above; infccrearmal spaces 
very weakly granular; the terminal granule of the superior keels 
large and tiiberciiliform ; the first and. second segments furnished, 
with ten evenly granular keels, the median lateral keel of the 
second segment, however, being considerably weaker than the 
rest; the third and fourth segments furnished with eight, and 
the fifth with five evenly granular keels. Vedele smooth a,hove, 
serially granular beneath; the wiibaeuiear tooth large, rein pressed, 
and armed with a distinct tubercle. 

ICilj ).— JIumcrus \m\k]y granular above and behind ; the supe¬ 
rior keels manifest but not coarsely granular; anterior surface 
furnished with a few. largo tubercles and bounded below by a 
weakly granular keel JSracMmi above furnished with two 
weakly granular keels, subcostate but not granular behind, den¬ 
tate in front, smooth below. Manm not carinate, rounded and 
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almost wholly smooth. Digits long, curved, in contact through¬ 
out their extent. 

Legs with anterior surfaces granular, carinate ; tibiae of two 
posterior pairs spurred. 

Feetincs very short and armed with ten teeth. 

Stigmata small and slit-like. 

Measurements in 'millimetres .—Total length 35, of tail 20*5 ; 
1st segment, length 2*3, width 3; 2nd, length and width 2*5 j 3rd, 
length 2*7, width 2*5 ; 4th, length 3*2, width 2*2 ; 5th, length 4*7, 
width 2*2; vesicle, length 2*5, width 1*5. Palp—humerus, 
length 4; brachium, length 4*5, width 2; maims, width 1*7; 
length of “ hand-hack ” 2*3 ; movable digit, length 5. 

A single female specimen in the Museum collection ticketed 
Philippine Islands, from the collection of Mr. Cuming. 

This species is very closely allied to L armillatus (Gerv.), a 
species only known to me from Gorvais’s figure and description of 
it, and from the characters that Moils. Simon has mentioned in 
his synoptical table of the Oriental species of the genus. On the 
strength, however, of there being in this species of mine no trace 
of the black “ bracelet ” of the brachium and only ten pectinal 
teeth as opposed to eighteen in G emus’s type, I have ventured to 
regard it as new. This form most nearly resembles J. armillatus 
in having ten keels on the first two caudal segments, four keels 
ou the posterior abdominal sternite, and at least the last two ab¬ 
dominal sternites covered with granules. In the number of its 
pectinal teeth it comes nearest to Androctonus variegatus , Gerv., 
from New Ireland. 

ISOMETRUS AltMATUS, Sp. 11 . (PI. XI, figs. 3-3 (l) 

Colour (specimen dried and probably somewhat faded) almost 
wholly fulvous, with feeble indications of fuscous markings on' 
the upper surface of the trunk and limbs ,* ocular tubercle black. 

Cejplmloihorax deeply cmarginate in front, thickly covered with 
larger and smaller granules ; the central depression smooth, deep 
behind ; the area external to the tubercle also smooth, as also for 
the most part is the tubercle, the granules at the 4 summit of the 
sides of the depression forming in the posterior third of the 
cephalothorax an indistinct keel. 

Tergites thickly granular throughout, from the second to the 
sixth with a conspicuous median keel, the seventh with an anterior 
suhgranular median keel and two strongly granular lateral keels, 
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whereof the external extends almost to the anterior margin, of 
the tergite, and the internal has its posterior graiiulo much larger 
than the rest. 

Steadies: anterior three smooth, fourth weakly granular only 
at the sides, the fifth weakly granular throughout; and furnished 
with four posteriorly complete, anteriorly abbreviated granular 
keels. 

Tail moderately strong, not elongate, almost painllel-sided; 
intercarinal spaces weakly granular; all the keels of the first 
four segments strongly granular; the first segment furnished 
with ten complete evenly granular keels, whereof the four superior 
are more strongly developed behind than in front ; the second 
segment also furnished with ten keels, but the median lateral 
keel is weaker than the rest, each of the four superior keels 
elevated behind into a large tooth., these teeth on the superior 
keels greater than those on the superior lateral keels; third and 
fourth segments furnished with eight granular keels ; the superior 
keels of the third developed behind into an enormously long and 
strong erect tooth.; a similar, but smaller tooth on the superior 
keels of the fourth segment; superior lateral keels of the third 
bearing distally a large tooth, the corresponding keel on the 
fourth segment evenly granular throughout; fifth segment con¬ 
vex above, with a shallow median sulcus, the superior keels very 
weakly granular, a few strong granules only dose to the vesicle, 
inferior lateral keels evenly granular throughout; inferior surface 
very convex, the median keel well, expressed and strongly granular, 
almost tubercular behind; in the anterior half the granules on 
each side of it form a single longitudinal series, and posteriorly 
there arc on each side a few irregularly arranged large tubercles, 
Vesicle slender, granular and costate beneath, the sprue well de¬ 
veloped ; the amicus of the ordinary form. 

Palp*—llmierm with the upper keels granular and the well- 
developed space between, them very feebly granular; posterior 
surface with weakly granular* keel; anterior surface bearing 
several large tubercles and a finely granular keel below. Brack km 
above with three well-developed keels, whereof the two posterior 
are only subgranular; anterior surface armed with a lew largo 
and sharp tubercles; inferior surface subcostate and wealdy 
granular. Manus much rounded and swollen, wider than the 
braehium, very feebly granular and subcostate above. Digits 
long and slender, curved and subcostate ; the immovable digit at 
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the base bearing a distinct lobe, on the distal side of which is a 
distinct simiation, the opposite (external superior) surface being 
convex to correspond with the simiation; the movable digit 
sinuate and lobate to correspond with the lobe and sinuation of 
the immovable digit.. 

Legs strongly granular and costate; Mice of two posterior 
pairs armed distally with a spur. 

FcaUnes long, projecting beyond the fourth coxm, furnished 
wit!) 19 similar teeth. 

Measurements in millimetres .—Total length 48, tail 28; 1st 
segment, length 8, width 8*5 j 2nd, length 4, width 3 ; 3rd, length 
4*8; 4th, length 5; 5th, length 7, width 3 ; vesicle, length 8*5, 
width 2, height 2. Palp—humerus, length 5 ; braehinm, length 
5*5, width 2; manus, width. 2*5, length of “ hand-back” 3*5; 
movable digit, length 5*7. 

A single male specimen from Port Essington on the N. coast 
of Australia, from Dr. Eioharuson’s collection*. 

This species is related to I. variatus , Thorell. The male of this 
last-named form is described and figured in Count Kcyserling’s 
4 Araehniden Australiens—Scorpioncs,’ pp. 9-11, and figured, 
as also is the female, on pi. i. An examination of this figure 
shows clearly the points of difference between the two species. 
Thus in variatus each of the four anterior caudal segments is 
provided with a tooth, ami the teeth are approximately equal in 
size, whereas in I. arm at us the second, third, and fourth only are 
dentate and the tooth of the third is considerably larger than the 
others; again, in I. variatus there is no simiation in the digits 
such, as is met with in J. armatus, and the maims is not wider than 
the brachium; the manus with its dactyli, too, is much shorter, 
being only slightly longer than the first two caudal segments, 
whilst in J. armatus it is almost as long as the first two and half 
the third. 

ISOMETBUS SEBBATITS, Sp. H. (PI. XI, flgS. 4-4 &.) 

Colour (dry specimen) : prevailing colour ochraceous or fulvous, 
variegated with black; ocular tubercle black ; anteocular area of 
cephalothorax infuscate; tergites mostly ochraceous, each, except 
the last, marked posteriorly with a lateral fuscous spot on each 

Since the above was written, I have come across a female specimen of this 
species, and have figured it on PL XI. fig, 3. It differs from the male in that 
the hand and dactyli are of normal form and the caudal spines much smaller. 
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side ancl a median wide fuscous patch; this median patch inter¬ 
rupted on each side of the median keel by a single conspicuous 
subcircular testaceous spot; tail infuseatc beneath; legs fuscous, 
variegated with testaceous spots; humerus and hruehium resem¬ 
bling the legs in colour; manus wholly pale, digits in Id scale. 

Oeplmloihoraw lightly emarginato in front, finely and closely 
granular throughout; flic median depression deep behind, shallow- 
over the tubercle, widened behind and in front of it. 

Terr/lies thickly covered with larger and smaller grannies, the 
first six furnished with a long median granular keel, the last with 
a median granular keel in its anterior half and i wo long, anteriorly 
abbreviated, subparallel, granular keels on each side. 

&Semites almost wholly smooth., the last furnished with four 
long granular keels, whereof the external are more complete than 
the internal. 

Tail long, slender, and nearly parallel-sided; upper surface 
scarcely excavated ; the in.tcrear.inal spaces at- most very weakly 
granular; the first segment furnished with ten weakly denticulate 
keels, whereof the median lateral is obsolete in front; the second 
and third segments furnished with eight keels similar to those on 
the first; the terminal denticle of the four superior keels on each 
of these segments very much enlarged and bluntly spiniforiri; the 
two superior keels of the fourth segment; almost obsolete, the 
inferior keels resembling those of the preceding segment ; the 
fifth segment weakly granular above hut without keels, the 
inferior keels resembling those of the preceding segment.. 

Tedah absent. 

Palp.— Upper surface of foments \\\{h two grfumln.rkcH.ds, pos¬ 
terior surface granular and weakly dentate, anterior surface 
armed with larger and smaller teeth ; hraahitm also furnished, 
with larger and smaller teeth in front, furnished with weakly 
granular keels above ami below. Mmrm , large and round, 
subdontat© in front, subcostato but not granular above; digits 
long, slender, curved and cost ate, somewhat widely separated at 
the base owing to the deep sinuation of the immovable digit $ 
the movable not furnished with a banal lobe. 

Legs granularly costate $ inferior surface of the femora distinctly 
and coarsely serrate; tilim of two posterior pairs furnished with 
a small apical spur* 

Peciines absent* 

Measurements in millimetres,— Total length (without vesicle) 
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54, of trunk 17 ; 1st caudal segment, length 5*5, width 2*7 ; 2nd, 
length 0*5 ; 3rd, length 7*5 ; 1th, length 8*3 ; 5th, length 9, width 
2*5. Palp—Imuiom#, length 0; brachium, length. 8, width 2*7 ; 
man us, width, 3, length of “ hand-back ” 4*2; movable digit, 
length 7*5. 

A, single male specimen from Bound Island (near Mauritius), 
collected by Col. Pike, U.S. Consul, and presented to the British 
Museum in 1870 by Sir Henry Barldy. 

Although, owing to its dried state and the absence of the 
peeliues and of the vesicle, a full diagnosis of this specimen has 
been rendered impossible, I have had no hesitation in describing 
it as the representative of a new species. Of all the species 
.known to me, it appears to be most nearly allied to the Jndo- 
Makiyan form L nmUlm of Koch* It may, however, be at once 
recognized from, this by its dilated hand, sinuate finger, and by 
the strongly spiuiform nature of the terminal tooth, of the superior 
keels on the first three caudal segments. 

IsoMiemm Bun n o r, Simon . (PL XL fig. 5.) 

(Simon, Bull. Son. Knl. tidy. 1882, p. Iviii.) 

Colour testaceous or ochraceotis, variegated with black or 
fuscous patches, spots, or lines. Ceplialothorax, with ocular 
tubercle and anteocular area, iufuscato; a more or less inter¬ 
rupted, longitudinal, fuscous band runs from the area of the 
lateral eyes to the posterior margin; the posterior half of the 
sulcus fuscous ; the postero-latoral portions bearing a patch of 
black which corresponds in position to a patch on. each of the 
tergites; on the sides arc two or three oblique, short, fuscous 
bands. Upper surface of the abdomen bearing three parallel, 
longitudinal, fuscous bands, whereof one is median and one on 
each side ; the median band more or less completely divided into 
two by a testaceous spot which occupies the centre of each torgite; 
the lateral bauds, also, more or less broken up by testaceous spots; 
the sides of the tergites, except for a single anterior ‘black spot, 
testaceous; under surface of trunk testaceous, the posterior 
stemite only being slightly infuscate laterally. Upper surface 
of the tail mostly pale, sometimes with a median fuscous spot on, 
the segments ; the sides and inferior surface clouded with fuscous 
or black patches ; the under surface and sides of the fifth seg¬ 
ment uniformly fuscous; vesicle mostly fuscous, with more or 
less faint traces of pale lines; aculeus paler externally than 
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distally. ’Upper surface of ehelicerm infuseato. Palp, with 
humerus, pale, beneath, marked above by a median fuscous band ; 
brachium Infuseafce above and below, deeper in. tint above ; maims 
testaceous; dactyli fuscous, with testaceous tips. Anterior 
surface of legs variegated ; femora marked by two spots ; patella*, 
tibia?, and two tarsal segments each marked proximally by a 
fuscous band. 

Gephalothoraot widely cmarginatc in front; the median sulcus 
deep behind, shallow over the ocular tubercle and in front;; the 
antcoeuLir area finely and closely granular throughout, the pos¬ 
terior regions much more coarsely granular; ocular tubercle 
finely and sparsely granular. 

Tergiies granular throughout; except the last:, marked wit h a, 
median posterior granular keel: the last marked in front with a 
median, rounded prominence and on each side with two coarsely 
granular keels. 

Eternities smooth, very sparsely hairy ; the posterior without; a 
trace of keels, very faintly granular at the sides. 

Tail robust, thicker at the base than at the apex, moderately 
excavated above, finely granular at tho sides and above and, on 
the posterior segments, beneath ; the first segment marked with 
eight granular keels, the two inferior keels being obsolete and 
the median lateral keel well-developed; the second also has the 
inferior keels obsolete, and the median lateral keel not developed, 
or at most but slightly represented; the third and fourth seg¬ 
ments marked with eight keels; the fifth with live keels; the 
four superior keels of the first four segments very strongly doves 
loped and terininating in a longer tooth; the superior keels of 
tho fifth very finely and evenly granular throughout. Vesicle 
very slender, smooth above, subserially granular or tubercular 
beneath ; spine beneath the aculeus strong and simple. 

Falf .—Superior and anterior surfaces of humerus finely and 
closely granular, the posterior, two superior, and antaro-iuferior 
keels strongly granular; tho anterior surface tubercular and the 
inferior surface minutely granular proximally. ' Bmehhim confute 
and very sparsely granular above, tubercular in front, smooth 
behind aud below. Mams rounded and almost smooth, furnished 
only on the anterior border with one or two sharp tubercles; nar¬ 
rower than the brachium. Dactyli long and curved; the larger 
lateral teeth set close together on each side of the main series. 

Chelicerm with movable dactylus armed above with three, below 




SCORPIONS OF TJIE GENUS rSOMETEUS. 


445 


with, two teeth ; the tooth on the inferior edge of the immovable 
dactyl us well developed. 

Legs in front granular and eostatc; tibue of two posterior 
pairs spurred beneath at apex; eoxce smooth. 

Lee Hues not extending beyond the extremity of the fourth 
coxm, furnished with seventeen similar teeth. 

/S 'bigmnin slit-like. 

Measurements in millimetres .—Total length 40; cephalothorax, 
length 4*5, width 5 ; tail, length 18*5, of first two segments 5*5, of 
5th segment 5; width of 1st segment 2*7, of 5th 2 ; vesicle, length 
2*7, width 1*5. Palp-—humerus, length 4 ; brachium, length 4*4, 
width 1*8; inanus, width 1*4; “hand-back,” length 2; movable 
dactyl us, length 4*0. 

Two specimens, both, apparently females, sent by the Univer¬ 
sities’ Mission from Lake Nyassa, and a third specimen, also a 
female, taken, at Taveita (Kilima Njuro) by Mr. P. J. Jackson. 
This specimen from Kilima Njaro differs in some slight parti¬ 
culars from those collected near Lake Nyassa, which have been 
described above; thus the inferior surface of the tail is much 
more deeply infuscale ; the inferior keels of the first two caudal 
segments and the superior keels of the fifth are more strongly 
developed; the vesicle is more coarsely granular, and there are 
only fourteen peetinal teeth. 

This species may be recognized by the absence of keels on the 
last abdominal sternite. 

ISOMETEUS A.BFEB, sp. II. 

Colour deeply infuscate, variegated with fulvous spots and 
bands; ocular tubercle black, auteocular region spotted fulvous, 
lateral and posterior regions of the cephalothorax marked with 
oblique black and fulvous bands; the middle of each tergite 
marked with a black T-shaped spot, the cross-bar of the T run¬ 
ning along the posterior margin; the rest of the tergites marked 
with six irregular-shaped, more or less interrupted longitudinal 
fulvous bands; two of these bands are situated on the lateral 
margins and each terminates on the posterior margin in a more 
conspicuous, subcircular, fulvous spot, so that the posterior 
margins of the tergites are marked with six yellow spots ; tail 
variegated throughout, the fulvous tints taking the form of well- 
defined subcircular spots; upper surface of limner us and brachium 
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similarly marked with fulvous spots ; band luiitscaio, and adorned 
wii;]} black lines; d octyl i wholly fulvous; "byes marked with 
transverse black lines; the last tergite and the posterior half of 
the one that precedes it infuscate and spoiled with yellow, 

Gephdolhoi'iuv thickly and coarsely granular throughout ; the. 
central depression, deeply marked behind, slia.l low over the tubercle 
and in front; the centre of the tubercle smooth, the sides feebly 
granular ; anterior margin of eqduiluihorax more deeply excavated 
in the middle. 

Terr/i/es coarsely and closely granular throughout, the first 
six with a well-developed median granular keel, the last with 
a median granular prominence and two lateral granular keels 
on each side. 

Slermtex : first throe smooth, the fourth granular at the sides, 
the fifth, granular throughout, marked with two internal, ante¬ 
riorly abbreviated, granular keels, and on each side a short 
external granular keel abbreviated anteriorly arid posteriorly. 

Tail of ■medium size, moderately excavated above: iutcrcarinal 
spaces granular; keels well developed and granular; the first and 
second segment with ten keels, the third and fourth with eight, 
the fifth with five; terminal granule of the superior keels the 
largest; upper surface of the fifth segment almost Hat. 

Vesicle marked beneath with five rows of granules; the spine 
large, sharp, and compressed ; aeuleus of the ordinary form. 

Prt/f ’Upper surface o {'humerus coarsely granular throughout 
and bounded behind and before by a coarsely granular ridge ; 
posterior surface marked with a granular keel; anterior surface 
coarsely granular in its upper half, bounded below by a finely 
granular ridge ; very finely granular beneath. Bruehhm weakly 
granular above, but furnished with three granular keels, tuber¬ 
cular in front:, almost smooth, below, marked behind by n smooth 
kook Hand almost smooth, furnished in front with a few low 
weak tubercles, and above with a short series of small granules 
which appears to be the continuation of a keel on the immovable 
digit; digit* long and curved, in contact throughout, neither 
lobato nor sinuate. Anterior and upper surface of the kgs 
granular and granularly costate; tibim of last two pairs armed 
distally with a spur ; Gooom smooth. 

Fectines short, furnished with 14 similar teeth. 

/The male differs from the female in being more elongate (of 
measurements), in having longer pectmal teeth, and the superior 
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keels on tile littli caudal segment less developed, and intlie slight 
basal, separation of the daetyli. 

Measurements in millimetres .— 5 . Total length 80; eeplialo- 
fchorax, length 8*5, width 8*8 • length of tail 17*8, of first two seg¬ 
ments 4*8, of fifth 4*5, of vesicle and aculens 4*2; width of first 
segment 2*2, of fifth 2 ; length of humerus 3, of brachium 8*7; 
width of brachimn 1*4, of manus 1*2; length of “hand-back” 
2, of movable daetylus 8*5. 

3 . Total length 86*5 ; cephalothorax, length 8*8 ; length of 
tail 23, of first two segments G, of fifth G, of vesicle and aculens 
4*2 ; width of first segment 2*2, of fifth 1*7; humerus, length 8*7 ; 
brachium, length 4*5, width 1*5, of manus 1*5 ; length of “ hand- 
back ” 2*3, of movable daetylus 4. 

The Museum has two specimens, a female from Angola (Dr, 
Welmilsdi ), and a male from the Congo, collected by Andrew 
Curror, Esq., Surgeon 31.N. 

This species appears to be allied to Tity us claihredits, C. Koch, 
a species from the Cape of G-ood Hope, which is very likely refer¬ 
able to the genus Isometrus. But in T. clathratus the superior 
caudal keels are much elevated and strongly toothed. 

1 can make nothing of the description of Lychas mabittanus , 
Koehebrune A This species is recorded from G ambia and declared 
to be different from Lydias yabonensis (= L metadatas , De Geer). 
At all events it at least differs from L asper in having twenty 
peetinal teeth. 

EXPLANATION OP PLATE XL 
Fig, ,L ho metres l near males, Simon, 3 > nut. size. 
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Teratological, Evidence as k> the JTorc<lity of Acquired Condi¬ 
tions. By Bertram 0. A. Windjyh, M.A., MVI)., Professor 
oi; Anatomy in the Queen’s College, Birmingham. (Oom- 
mniiieatod by E. B. Poixr/roN, 'MIA., EA.S.) 

[Bead 7th I.Aferuaty, 1890.] 

The subject of congenital malformations is one winch, strangely 
enough, has met with but little notice amidst the mass of evi¬ 
dence which has been brought forward, on one side or the other, 
as to the trarnsmissihility of acquired clmraetiu's, a question which 
lias provoked, and is provoking, so much controversy. 

Tot it is certain that the consideration of the question .from 
its teratological aspect ought to be of some service, since, in the 
first place, there arc two groups undoubtedly amongst congenital 
imd formations, blastogenie and somatogenic, to use Weisinamn’s 
terms, though, it may not always be easy to assign a given defect 
with certainty to either. And, again, it ought to be possible to 
throw some light upon the difficult question of the origin, deve¬ 
lopment, and fate of a variation, from the copious .mass of lite¬ 
rature which exists in relation to teratological subjects. It seems 
probable that the reason why this field lias been so little explored 
in the present connection, is that the etiological, side of teratology 
lias, up to the present, been so much neglected, Professor 
Cdeiand, who lias done so much for the study of the subject in 
this country, has very aptly remarked that teratology should 
be defined as “pathological embryology.” .Before, however, 
much practical information tain he gathered from the subject, it 
is, above all things, necessary that its classtfication should bo 
arranged upon an etiological basis. The author just quoted 
remarks in an essay on “ Teratology, Speculative and Causal, 
and the Classification of Abnormalities —“ if the advantage 

which biological doctrine lias hitherto derived from teratology has 
not been great, the reason has lain, not in the barrenness of 
the teratological field, but in the small amount of progress 
made in determining the true nature of teratological pheno¬ 
mena. Even after the old conception of Imm mtum had been 
thrown aside, the most imperfect notions continued to prevail 

* 4 Memoirs and Memoranda in Anatomy,* Vol. 1.1881). 
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both with regard to abnormalities by excess and many of the 
more important abnormalities by defect. But we have now 
arrived at a time when no thoughtful enquirer can be longer 
content with merely cataloguing deviations and. bestowing upon 
them sesquipedalian names such as were perhaps justifiable in 
the days of the elder St.-Hilaire. Investigation has entered 
upon a more strictly causal stage; and, to my thinking, it 
becomes evident that teratology has an important work before 
it in relation to biological science generally, by demonstrating 
the presence of potentialities which in the normal organism lie 
dormant, hut nevertheless must exist, or they could not in 
exceptional circumstances slow their presence.” 

In the present essay my intention is to examine the recorded 
groups of hereditary malformations, with a view to ascertain 
their nature, so far as may be possible, whether blastogenic 
or somatogenic. In order to do so, it will be necessary, how¬ 
ever, for me to preface this portion of my paper with a short 
account of the groups into which malformations should be causally 
arranged. At the conclusion of the main part of the paper, that, 
namely, which deals with hereditary malformations, I shall add a 
few remarks on certain points in connection with the causation 
of malformations which have not, I think, up to the present 
received sufficient attention. 

I may perhaps here state that this paper was not under¬ 
taken with a view either to support or to oppose 'Weismann’s 
views. My desire has been to examine the subject from a terato- 
logical standpoint and to record the result of my observations. 

Section I .—Varieties op Malformations. 

As has been already suggested, any etiological classification of 
anomalies at the present time must be more or less tentative ; 
yet I believe we may reasonably strike a line of division between 
t wo great groups, each of which may be again subdivided. The 
first group consists of malformations which are due. to some error 
in the amount of formative material, and the second of those which 
are not. The former group may be spoken of as non-mechanical, 
and the latter as mechanical, provided it be understood that these 
terms are not used in the sense in which they are applied to the 
ordinary occurrences of development by His, Weismann, Eoux, 
and other writers. Errors of material may he in two directions, 

LINN. JOURN.—ZOOLOGY, VOL. XXIII. 32 
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vix. excess or defect. To tlio former elans belong double mon¬ 
strosities, complete and incomplete, unilateral or partial hyper¬ 
trophies, and excesses such as polydactyly (at bast the majority 
of cases), polymastia, with others, often not recognized unless a 
dissection happens to be made, such as accessory carpal, bones, 
splenculi, <foc. Having discussed the sources of this excess of 
material in a former paper *, I shall not delay here further on 
that point. To use Weismaim’s term, malformations of this class 
are, with probably very few exceptions, inherent in the germ or 
blastogonie. Deficiency of material leads to defect of size or 
parts. Thus, to this group belong dwarfs and some cases of 
eetromelia, eetrodaclyly, microphthalmiLs, and anophthalmus, with 
possibly most of the non-ineehanically caused clefts, such as 
cleft-palate, persistent branchial cleft, and eoloboma oculi. How 
is this deficiency of material caused ? 1 believe in at least two 

ways;—(1) By faulty segmentation during the extrusion of the 
polar bodies, whereby too much formative material is got rid of. 
(2) By the very early destruction by some morbid process of 
early segmentation-spheres. Eoux’s experiments, which I have 
quoted in my paper already mentioned, and an account of which 
will also be found in a recent address by Mr. Poulton f, show 
that even the first few lines of segmentation cut oiF morphological 
areas the destruction of any one of which would lead to the non- 
devclopment of the part which it was destined to form, it is, 
of course, possible that to the two preceding causes should be 
added that of an original paucity of material in ovum or sper¬ 
matozoon prior to the extrusion of the polar bodies. The first 
and last/ causes would be inherent in the germ, and therefore 
blastogonie; but what of the second? Early though it occurs, 
it can scarcely be looked upon as other than, somatogenic in its 
nature. The effects, however, may not bo distinguishable from 
those due to the blastogonie causes mentioned. Hero, of course, 
the difficulty of discrimination renders any inferences difficult 
and dangerous. The second great group of mechanical malfor¬ 
mations is obviously entirely somatogenic in its nature ; and the 
only dubious point connected with it is the difficulty of deter- 

* u The Origin of Double Monstrosity,” Journu of Anafc, and Pbys. vol, xxiii, 
p. 590, 

t '* Theories of Heredity,” An Address, reprinted from the 6 Midland Natu¬ 
ralist/ Nov. 1889* 
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mining in all cases whether a given defect belongs to it or to one ot 
the other divisions. This group may be divided into the following 
classes-:—(1) Clefts of various kinds, due to the presence of 
tumours or to fluids consequent upon inflammation. Certain 
forms of cleft-palate belong to the former category, abdominal 
and spina clefts to the latter. (2) Deficiencies of extremities 
<&c. due to inflammation of tissues leading to formation of fibrous 
tissue, its contraction, and the strangulation of growing parts. 
As examples of this may be named certain forms of peromelia 
and (?) atresia ani. (8) Deficiencies due to amniotic pressure. 
(4) Deficiencies due to adhesions of the amnion Ac., including the 
so-called intra-uterine amputations. Having thus very briefly 
sketched the main lines of classification, it will be necessary in 
the next section, as each malformation comes up for examination, 
to consider at greater length and in more detail its special 
etiology. 

Section II.— Nature op Hereditary Malformations. 

In this section I purpose examining those malformations whose 
hereditary nature is established, seriatim . In connection with the 
etiology of each will be considered its nature, whether blasto- 
genic or somatogenic. I shall have to draw largely from a former 
paper of my own “On Congenital Malformations and Heredity” % 
in which are collected a number of recorded cases of such mal¬ 
formations, but without reference to their etiology. It will be 
convenient in the subsequent part of this paper to group the 
malformations under the classes which have been indicated in the 
first section. 


Part I. —Malformations by Mvcess* 

The most important members of this group, all the forms, that 
is, of double monstrosity, have to be entirely excluded from the 
present inquiry. An enormous majority are non-*viable, or only 
y maintain a separate existence for a few hours or days; and the 
remainder are, even if married, sterile. The same remark applies, 
as will appear later, to most of the major and even to some of 
the minor forms of abnormality. We can, however, with profit 
examine two classes of cases not commonly grouped under the 
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head of malformations, and jet closely allied to Double Monsters, 
viz. Giants and Homologous Twins. According to the views 
expressed in the first section, a little more formative material 
plus equivalent division, or even the latter alone, would transform 
the giant into a double monster, or the latter into a pair of homo¬ 
logous twins. A few notes, then, upon these two groups are 
quite pertinent to the subject in hand. 

Giants .—These are generally sterile, according to the best 
authorities. I. G. Wt.-IIilairo says of them —“ Ils sent ordi- 
naireinent impuissauts, ct sont trus promptement cnerves par les 
p 1 aisirs de Y aino ur. Lo defaut d’aptitude des gcants aux fonctions 
generatrices no saurait etonuer ehoz des ctres epuises et allaiblis 
par la rapidite et l’exces de lour accroissoment.” And in a foot¬ 
note he adds, “ chez quelques geants, V erection est memo presquo 
completcinent impossible.” Topinard f agrees with St.-llihvire 
on this point. Again, gigantic children are generally still-born 
when the mother is of the ordinary size. Tlius, Dr. Parvin t 
states:— cc Some women, though their labours are at the normal- 
period, give birth to children whose great development presents 
a more or less serious obstacle to labour, and still-births are not 
unfrequent.” Kormaim refers to a case in which the child pre¬ 
senting by the breech was still-born, and weighed 9*8 kilos, 
(normal weight 8-4 kilos.). 

With regard to the frequency of occurrence of large foetuses, 
laggard says § :—“Variations in weight at term between six and 
nine pounds arc by no means rare-—an infant over nine pounds 
is not common; while heavier weights are progressively rarer. 
Out of 1000 infants, Dr. Parvin saw but one that weighed eleven 
pounds (Parvin’s ()bated, p. 188). Of 1150 infants born in the 
Maternity Hospital, the heaviest weighed 12 pounds.” Giants 
thus resemble double monsters in rarity, non-viability, and 
sterility. Instances are, however, on record where giants have 
borne gigantic children. Mrs. Bates was 7 ft. 9 in. in height, 
and her husband 7 ft. 7 in. She bore him an infant which weighed 
23J pounds (normal av. 7-| pounds); its height was 30 inches 

* * Anomalies de reorganisation,’ vol. i. p. 183. 

t £ Elements it Anthropologic generate,’ p. 436. 

X ‘ American System of Gynecology and Obstetrics,’ vol. i. p. 758. 

| ‘ American System,* vol. i. p. 2U. 
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(normal 20-21), breast measure 27 in., bead 19 in., foot in. 
The liquor amnii amounted to o gallons, and the secundines 
weighed 10 pounds. Again, the Nova-Scotia giantess, according 
to Harris *, bore a child which weighed 28| pounds. Thus 
giantism, if the word may be coined, is, or may be, hereditary. 
Moreover, as St .-Hilaire remarks, the brothers and sisters of 
giants are generally of large stature; they come, in fact, of tall 
families, to quote the popular phrase, embodying the popular 
belief, correct in this case, of the heredity of stature. Is this 
variation blastogenic or somatogenic P I have no hesitation in 
assigning it to the former class. If it he urged that the con¬ 
dition is due to the superior nourishment of the child by the 
mother whilst pregnant, and is therefore blastogenic, I would 
reply (1) that gigantic children are not necessarily the pro¬ 
duct of well-nourished mothers; for, were it so, by this time our 
Eoyal and some of our noble families ought to he like children 
of Anak; and (2) that giants are at birth not always larger 
than ordinary children. They possess the potentiality of great 
size, a potentiality which is, I believe, inherent in the germ 
Cohnheim puts this point of the potentialities of growth so well, 
that I shall quote his own ivords +:—** Her Neugeborene bringt 
nicht die Geschwulst, sondern lecliglicli das iiberschiissige Zell- 
material mit auf die Welt, aus dem unter giinstigen Verhalt- 
nissen spiiter einer Geschwulst herauswachsen kann. JSTur 
mbchte ich noch cinmal nachdrucklieh bitten, das Sie Sich nicht 
zu sehr an dem Wortlaut des * liberschiissigen Zellmaterials ’ 
binden wollen; vielleicht ware es selbst richtiger, statt (lessen 
von demjenigen Material zu sprechen, welchcm die Potenz zu 
spiiterer Geschwulstbildung beiwobnt. Demi auf diese Potenz 
kommt es an, die iibrigens keine andere Eigenschaft ist, als 
wie so ungemein luiufig bei der individuellen Yererbung und 
Entwicklung sich geltencl macht. Wenn bei dem Sohn ernes 
langnasigen Yaters die bis dahin vollig proportionirte unci ganz 
unauffiillige Ease im 8 oder 10 Lebensjahr odor noch spiiter grosse 
Dimensionen annimmt und ungewohnlich lang wircl, so zweifelt 
Niemand daran, dass die Potenz zu diesem "Wachsthum von 
Anfang an in der Ease existirt hat—obsehon die sorgfiiltigste 
und genaueste mikroskopisch.e Untersuchung in den ersten 

* New York Med. Record. 

t * Allgomeine Pathologie,’ Bd, i, S. 740, 
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Lebcnsjahren ausser (Stancle gewesen sein wiirde, jone Potonz 
anfzudeoken.” 

In tlic same way the child-giant brings into the world with 
him the potentialities of his stature and size. On the other 
hand, it may he urged that post-natal nourishment may be the 
factor; and Bishop Berkeley’s giant * maybe cited in confir¬ 
mation. To this it may he replied, that post-natal nourishment 
can affect the height only within very narrow limits; for other¬ 
wise there would ho none but dwarfs in those parts of Ireland, 
for example, where potatoes and seaweed are the staple foods, 
and none but giants amongst the classes whose circumstances 
have been easy for generations past. And, as far as MTxrath 
is concerned, the instance is an isolated one; and there is no 
evidence to prove what the unfortunate man’s stature might luivo 
been had he not been subjected to the episcopal tender mercies. 
On the whole, then, I think it may be said that giantism, is an 
occasionally hereditary condition, blasiogonie in its nature. 

Homologous Twins .—It is an unfortunate circumstance that 
the confusion which has existed with regard to true or homolo¬ 
gous twins and the other form, vitiates all the statistics as to 
twins, so far as I have examined therm True twins, which 
are always of the same sex, enclosed in the same membranes, 
generally strikingly like one another, and the product of one 
ovum, are of course totally different from twins the product of 
two ova, enclosed in separate membranes, not necessarily of the 
same sex, nor more alike than children of the same family are, or 
maybe. This fact has, however, not been taken, into account 
by those who are responsible for the statistics of twins ; and it 
is consequently impossible to say whether the facts observed 
relate to both classes or only to one. Subject to this reservation, 
it may bo said that the bearing of twins is certainly hereditary— 
cc rime in a family,” as the phrase has it. Tins is also true of 
multiple births beyond the number of two. Thus Osiander f 
gives a case where a woman, herself a twin, was the mother of 38 
children, and died in childbed after delivery of twins. One of 
her daughters, who was horn with three others at a birth, had 
32 children at 11 confinements. The following statistics given 

* ‘ Philosophical Survey of Ireland/ London, 1777, p. 187. 

t 4 Hanclb. d. Entbindungskunst/ 1 Th. 1 A bill. S. 319. Quoted in Ed mb. 
Med. Journ. vol. iii. p, 1143. 
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by Gcehlert * are of interest in this connection. He first gives a 
table, from amongst the eases which he has collected, of the pairs 
and sexes;— 


No. 

Similar. Two males_ 61 

„ females .. 52 

Dissimilar . 92 

Total. 205 


Male. 

Female. 

Per cent. 

122 

.... 

29*76 

.... 

104 

25*36 

92 

92 

44*88 

214 

196 

100*00 


In examining this table it must, of course, be remembered that 
the first two lines need not necessarily relate solely to homologous 
twins. It is quite as possible for two children, of the same sex, 
yet not true twins, to be born at a birth, as it is for two of 
different sexes. Passing to the subject of heredity in twinning, 
Goelilcrt states that there is a direct heredity from twin to twin 
as well as an indirect. That this is not more observable is, he 
remarks, due to the fact that so many twins die in childhood, 
only seldom reaching maturity, and, of course, then not always 
bearing children. He believes that in 132 of 192 cases selected 
from. Boyal pedigrees which he carefully examined, the influence 
of heredity was to he observed. The figures are given in the 
subjoined table: 



From Father. From Mother. 

Pairs. 

Direct inheritance ... 

. 5 

11 

16 

Indirect „ 

. 57 

55 

112 

Direct and indirect . 

62 

66 

4 

132, 


All that can be said is, that it is at least highly probable that 
the production of true twins is hereditary. 

1 have stated that twins are not usually regarded as abnormalities; 
yet the two are much more closely related than is generally thought. 
Dr.Mitchell t shows this clearly in a paper, the conclusions drawn 
in which are:—(1) Among imbeciles and idiots a much larger 
proportion is actually found to be twin-born than among the 
general community. (2) Among the relatives of imbeciles and 

* “ Die Zwillinge,” Yirchow’s Archiv, Bd, 76, S. 457. 
t Med. Times & Gaz. Nov. 15,1802. 
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idiots twinning is also fouuJ to be very frequent, (3) In families, 
when twinning is frequent, bodily deformities (of defect and 
excess) likewise occur with frequency.” This last conclusion 
points in the direction of the hlastogenic nature of twinning. 

Those who hold the opinion that the mother’s state of 
nutrition, may be a potent factor, may derive some support 
from Dr. Matthews Duncan’s conclusion, drawn from numerous 
statistics * * * § , that “ the largest number of twins is produced by 
women of from twenty-live to twenty-nine years of age +; 
and on each side of this dimax of fertility in twins there 
is a gradually increasing falling-off in their number as age 
diminishes on the one side, and increases on the other.” That 
nutrition has at least a large influence in the determination of 
sex, is a proposition supported by Gfeddcs and Thomson J ; and, 
as they appropriately ask, and the question might equally apply 
to the subject of twins, were nutrition proved to be a factor in 
its production, “How does Weismann explain the determination 
of sex, which illustrates an outside influence penetrating to the 
reproductive cells ? ” It may just he noted, in connection with 
tins subject, and with the last-named authors’ view that superior 
nutrition tends to the production of the anabolic female sex, that 
the larger number of twins belong to that sex. To sum up this 
subject, it must unfortunately be said that beyond the statement 
that twinning is hereditary, it is impossible, in the present 
chaotic state of statistics on the subject, to draw any definite 
conclusions in favour of either side of the argument. 

Having disposed of these points, I may now proceed to the 
other malformations partaking of the nature of excess. 

J?olydactyly >—This is one of the most strongly hereditary forms 
of malformation. Broca § and M c Kelhir|| have both recorded 
cases whore it has passed through six generations, and Muir!)' 
one through five. One of the most completely recorded cases 
is that by Clement Lucas, which is here reproduced (p. 457)**. 

* ‘Fecundity,Fertility, and Sterility’ (Edinb. 1871), p. 100. 

t Nutrition being probably at its best during those years. 

| ‘ The Evolution of Sox ’ (London, 1880), p. 50. 

§ Acad, do Med. Paris, quoted in Loud. Med. Rets voh vi. p. 01, 

|| Glasgow Med, Journ. May 1870. 
lb. vol, xxi. p. 420. 

** Guy’s Hospital Reps. vol. xxv. Abbreviations: dittoes; F.=fingers 
oa. =both members affected: s.p,=sine prole; X =affected. 
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It if? no exaggeration to say that scores of minor cases 
might he cited were there any advantage in doing so *. It is 
more important to consider the etiology of the affection. The 
different forms may he classified in various ways: Gaillardt, 
for example, dividing by the amount of excess present, a some¬ 
what important factor, as will appear. Thus: “ 1st. The finger 
is only bifid, articulating with the metacarpus by a single head. 
2nd. Two fingers are placed in juxtaposition, being articulated 
side by side, only one articular capsule surrounding the head 
of the metacarpal bone. 3rd. Earcst: the supernumerary 
finger is entirely isolated, and implanted on a special articular 
surface of the metacarpus, the superfluous part being almost 
always a thumb or great toed’ Or, again, superfluous fingers 
may be classified into marginal and central—those, that is, con¬ 
nected with the edge of the thumb or little finger, and those 
connected with some other finger. That these are different in 
their nature has been recently pointed out by Kallmann :jr. He 
says :-- ec Moine Endimentthoorie nur den ulnaren und radialen 
Strahl (Vordaamen” [this had been, previously described as prre- 
pollex by Eardelcben] tc und doppclten kloinen ’Finger) als Hyper- 
da kty lie verstiindlich maclien soil; andere Arton der Hyper- 
daktylie gehoren bis auf weiteres in das Gebiet der Teratologic. 
TJm M’issverstlindnisscii vorzubeugen, wioderholo ich cleshalb; Es 
giebt koine Htapeclxfera mit mehr als fiinf Eingern, aber solehe 
mit fitnf Eingern und mit Spuren eincs ulnaren und radialen 
Strahles (Meusch, viclc Sanger, Beplilion und Bairachier). 
Dieso Spuren. liegon oft als sehwer orkennbaro Eudimcnte 
iinter der Haut. In Eallen von Hyperdaktylie des Mcnsehort 
vergrossern si eh diese Eudimcnte und tvoion verschioden 
eutwiekelt axis der Hunt horvor. Der Eiickschlng aus diesen. 
Eudiinenton liofort wahrscheiuliidi sleds nur Eudimcnte, d. L 
vorkiimmerto linger, Ily pordaktylie ist koine patliologische, 
sondern cine theromorphe§ Erscheinung und weist :mf cine 
Eeduktion von Strahlen bin, welehe bei der ITmformung der 

* For a very .full list, see a paper by Dr. Faekenheim, £ Jcnaiselio Zoilschr. 
fur NaturwisscnseliaiV Ed. xxii. N.F. xv. & 343* 

t Gnz. Med. 1832, No. 48, Quoted by Anuandalc, ‘ Diseases of the Fingers 
and Toes ’ (Eclinb. 1805), p. 20, 

f ‘ Mitth. aus cl. Anat. Inst, im Ycsalianum m Easel/ 1889. 

§ M Qrjp^fypos, das Thier, aucli Thiormonsch, woron das lat. ferns, 
ferox, &c.” 
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rischflosse in cine Butrachierhand init aufgenommen wurden. 
Hyperdaktyiie des Menschen is cletnnach eme besondere Borin 
des Atavism us.’ 5 

As to the mesial form, there is more difficulty in deciding. 
According to some authorities, as, for example, Ahlfeld*, 
polydactyly is the result of the compression of the growing 
digits by amniotic bands, the depth and amount of the excess 
depending upon the extent of the constriction. Two points 
should, however, be noted in this connection:—(1) The mal¬ 
formations which are accounted for by pressure of the mem¬ 
branes or by constriction from bands derived from them, or from 
other sources which will be more particularly considered when the 
subject of peromelia is dealt with, are gradually being reduced 
in number as our knowledge increases. Many conditions attri¬ 
buted to these causes are now satisfactorily accounted for in 
other ways. In connection with the present subject, it may be 
said that there is little, if any, evidence to show that amniotic 
bands have ever anything to do with the production of polydactyly. 
(2) It is not easy to understand how a malformation caused in 
this way could become hereditary. The heredity, if any exist, 
must run in one of two lines—an heredity of the amniotic hands 
causing the malformation, or an heredity of a malformation 
first caused by a band. The first, which, by the way, has been 
advanced, seems too improbable to require much considera¬ 
tion. The coincidence by which an inflammatory band could 
form in exactly the same position, and produce the same effect in 
the pregnancies of several generations, is one which can scarcely 
be admitted. And the second mode would be nothing more or 
less than the inheritance of a mutilation. But Weismann has 
proved, I think it will be universally acknowledged, in his various 
writings, that a mutilation has at least never been shown to have 
been transmitted. Laying aside, however, these two considera¬ 
tions, w T e have two kinds of polydactyly—the marginal, which it 
is highly probable is always atavistic and blastogenic; and the 
central, which may be due to excess of material in the germ, and 
therefore blastogenic, or, possibly, to amniotic bands, and there¬ 
fore somatogenic. 

It is instructive, then, to inquire which of these is the most 
common. According to Borster, a supernumerary little finger 


* ‘ Die Missbilclungen des Menschen ’ (Jena, 1865), S. 43. 
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is the most common form, a thumb or great toe comes next in 
order, least commonly is the digit one of the central group. I 
have no data to decide whether the same rules apply to the hered¬ 
itary eases; hut I have little doubt that it would be found so. 
In the celebrated case quoted by Devay where the hereditary 
malformation was more widely spread within a circumscribed 
area than in any other with which I am acquainted, the super¬ 
numerary digit appears to have been a thumb, I think that this 
ease is worth describing in detail. <C I 1 s’agit d’une veritable 
endemic do scivdiptisme , crime population entiere qui .... a etc 
frappee de cette bizarre anomalie. Hons clevons la connaissance 
do ce fait singulier a notro savant confrere, le doeteur A. Potton, 
qui l’a observe sur lost lieux 1 u 6 m.es. II exist© dans le deparie- 
ment de l’Isore, non loin do la Cote-Saint-Andre et do Rives, un 
tout petit village noirnne Izeaux, isole, perdu en quelquo sort© 
autrefois, an milieu d’une plaine, si non complement inculto, 
du moins tres-pauvre, elite la plaine de Bievre. Les cherains, les 
comnmnications dans ce pays peu fertile, etaient difficiles, si non 
impracticables. Les habitants d’lzeaux, simples, presque aban- 
donnes a eux-memes, n’entretenaient que dcs rapports eloignes 
avec les populations environnantes, sans so molanger avec elles; 
ils se mariaient cons tarn men t entre enx, et ainsi frequemment en 
famille. A la fin du siecle dernier, de cette manicre de faire, de 
ces alliances constantes entre parents etait nee et entretenne 
par elle line monstruosite singuliere, qui, il y a trente-cinq h 
quarante ans, frappait encore presque toute la population, Dans 
cette commune, homines et femmes etaient portcurs d’un a mein e 
doigt, d’un doigt supplemcntaire implanU* aux piocls et aux 
mains, 4 Lorsqu’en 1820 et on 1886/ (lit M. Potton, ‘ j’ai ob¬ 
serve ce bizarre phenomena, deja, chez quelques sujets,il n’exist ait 
qu’fi. un etafc plus ou moins nidi montane; chez phisieurs, ce 
n’etait qu’un gros tnbcrcule, an centre duquel copendant on ren- 
contrait un corps dur, osseux; 1 ’apparcnce d’un onglo plus on 
moins forme terminait cet append]ce, fixe lateralement en dehors, 
(l la base du ponce f. La personne qui m’accompagnait, bion 
qu’etrangdre h la medeemo, me faisnit observer qu’uno heureuse 
transformation tendait a s’operer, quo do notables ehangemouts 
dans cette defeetuosite organiquo s’etaient etablis dopin's que les 
habitudes de la population s’etaient modifiees par la force des 
* ‘ Du Dangers des Manages Consanguine’ (Paris, 1802), p, 05, 
t Italics mine,. 
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clioses, par le progres, depuis quo, les voies do communications 
dtant devenues meilleures, les relations a l’exterieur plus fre- 
quentes, les alliances so contractaient dans des conditions plus 
favorables; depuis, en un mot, quo le croisement des races avait 
lieu. En 1847 j’ui eu occasion do voir un chef d’atelier, origi- 
naire de eet locality fixe et marie a Lyon. II efcaifc porteur du 
vice de conformation signal e; il etait pore de quatre enfants, 
qui n’avaient point le s tig mate paternal©, A l’heure qu’il est, 
d’apres les renseignements eirconstancies pris aupres de medecins 
de la localitc, cette anomalie pathologique a presque complete- 
. ment disparu.’” 

To sum up, tlien, the subject of polydaetyly, it may at least be 
said that there is no proof that auy o£ the hereditary cases are 
somatogenic. I should go further myself, and say that there is 
every reason to believe that they are blastogenic. 

Supratrochlear Process .—Strothers * has recorded a case in 
which this curious process or hook was hereditary. It is atavistic 
and undoubtedly blastogenic in its nature. 

Polymastia .— Accessory breasts may exist on the thigh, 
groin, vulva, back, or other parts of the body, the following 
table giving Leichtenstern’s t figures from an examination of 105 
cases:— 


The accessory gland was on the anterior surface of the thorax in 96. 
„ „ in the axilla „ „ 5. 

„ „ on the back „ „ 2. 

„ „ on the acromion „ „ 1. 

„ on the thigh „ „ 1. 


The condition may be hereditary, as in the case narrated by 
[Robert J of a woman who had a third breast on the exterior of 
the left thigh placed 4 inches below the great trochanter, with 
which she had suckled several children ,* her mother had a third 
thoracic breast. W oodraan § records a case where a woman and 
her child were both possessed of three thoracic mainline. As 
to the cause of the malformation, one would not think that 
there need be much difference of opinion. Ahlfeld ||, however, 


* Lancet, Feb. 15,1873, 
t Virchow’s Archiy, Bd, 73, S. 222. 
t Journal de Physiologie, tome vii. no. 2. 

§ Trans. Obst. Soc. vol. is. p. 50. 

|| ‘Lie Missbild. d, Menschen ’ (Leipzig, 1880), S. 110. 
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lias committed himself to the statement that they are duo to the 
action of the amnion. “Am wahrsehcinliehston ist mir die 
Mbgliehkeit, class (lurch den Druck des Amnions Theile abgcirennt 
und am Amnion haffcend auf der Kbrper Oberfliiche transplimtirt 
werden.” The author just quoted is, I am convinced, mistaken 
in pushing his views as to the malformation-producing capacities 
of the amnion so far as this. There can he little doubt that the 
malformation is atavistic. The English edition of Wiedorshoim’s 
fi Comparative Anatomy' * contains the following statement on 
the subject:— £t The occasional existence in men of supernumerary 
teats and in women of supernumerary teats and mammm (poly- 
thclism and polyinastisin) is very remarkable. They are usually 
situated in the thoracic region, and must be considered as an 
atavism to a characteristic primitive form which possessed nume¬ 
rous teats, and which produced a number of young at a birth. 
Such a transition from polymastism to bimastism may be seen 
plainly at the present day in the Lemurs ; in them the inguinal 
and abdominal teats are undergoing a retrogressive metamor¬ 
phosis, while a single pair of thoracic teats remain well deve¬ 
loped. [In Ilapalemur griseus the single pair of teats is situated 
on the arm (Beddard ).] This accords with the fact that most 
Lemurs bear only a pair of young ones at a time, which they 
carry with them at the breast/ 5 In this connection it is inter¬ 
esting to note that, as Dr. Ohampneys has shown +, the skin of 
pregnant women may take on mammary functions in isolated 
spots, lumps forming in various places, notably in the axilla, 
from which come (a) granular debris like the secretion of 
sebaceous follicles; (b) colostrum; (c) milk, expressed from the 
situation of the sebaceous follicles, as marked by the position of 
the hairs. These eases show, ho says, <e that in lying-in women 
the sebaceous follicles of the skin are capable of producing true 
mammary secretion. The transition from granular material, 
through eolustrum, to true milk is unmistakable,’* The obser¬ 
vations confirm the opinion, that the breast is a highly specialized 
aggregation of highly specialized sebaceous follicles. 

The facts which have just been reviewed leave little room for 
doubt that accessory mamma) are atavistic and blastogenie. 

Hypertrichosis .—Excessive hairiness, which appears to be 
usually associated with deficient dentition, is an occasionally 

* P. 28* t Roy. Mod. & Chir. Soo., April 27,188(5. 
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hereditary condition. Cases of this nature have been recorded 
by Darwin * and Miehelson t. That of Andrian Jeftichew and 
his son Fedor (act. 3 at the age of description), both of whom had 
their faces covered with hair “like Sky e-terriers,” and were 
nearly edentulous, is a good example f. The possibility of this 
condition having a nervous origin will be discussed in a subsequent 
section. It is probably atavistic and blastogenic. 

G-luteal Protuberances. —The excessive development of the 
gluteal region amongst the Hottentot women and of their 
nympluo may here be mentioned as examples of malformations 
which have risen to the rank of racial characteristics. They are, 
apparently, blastogenic in their nature. 

In concluding the portion of this paper relating to malfor¬ 
mations by excess, the speculation may be permitted as to 
whether there may not be many hidden abnormalities which arc 
highly hereditary yet which escape notice. Take, for example, 
the instance of a centrale carpi. One would expect that this 
abnormality would be hereditary, and possibly it is so; but we 
have no data to go upon, and in this instance it is not probable 
that we ever shall have. In other cases, however, a little trouble 
on the part of the observer might enable many gaps to be filled up. 
As an example of what I am alluding to, I may cite a curious 
case, the only one known to me of a described hereditary abnor¬ 
mality in the arterial system, though it is probably by no means 
an isolated case, were the question to be carefully investigated§. 
The radial artery in a male, on both sides passed over the supi¬ 
nator longue at from 3’0 cm. to 4*0 cm. above the wrist, and ran 
over the radial extensors above the styloid process to its normal 
distribution. All this maids children possessed the same abnor¬ 
mality on the left side, the daughters transmitted it better than 
the sons, and amongst the grandchildren it was met with on both 
sides ob four, on one side only in four, and was absent in seven. 

Part 2 .—Malformations by Defect . 

In this section the malformations by defect will be discussed, 
and at the outset it may be said that their etiologies in many 

* ‘Animals and Plants under Domestication, 5 vol. ii. p. 320. 

f u Zum Capitol der Hypertrichosis.” Virchow’s Arch. Bd. 100, S. 66. 

•| Lancet, 1873, ii. p. 613 j and Virchow, Berl. Klin. Wocli. 1873, No. 21). 

§ Chicago Med. Journ. & Exam. 1879, p. 475. 
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oases offer much greater difficulties than those of the group just 
concluded. 

‘Dwarfs*- .The arguments which were used to show that 

giantism was a bias togoi lie condition due to excess of formative 
material, might, in converse, he employed to prove that dwarf¬ 
ish ness is blastogcnic and due to deficiency of material. As with 
giants, so with dwarfs, sterility is the rule. In their ease, we 
have on this point even hotter evidence than in that of giants, 
since dwarfs have been made the subject of direct experiment, 
“Catherine do Medceis s’ainusa, dit on, a rasscmbler des nains 
des deux sexes et a les marier. L’dlcetcur do Brandenbourg 
rep of a la memo experience; ils lx’eurcnt pas d’enfants. Geoffrey 
Hi.-Hilaire ne decouvre qu’mic seule exception, cello du nain 
'Borivilaski; mais sa femme etait do taille ordinaire et hit sus- 
pectee' ’ Though sterility is the rule, jot there are indications 
of hereditary influence in this group also. 

Thus, as St.-Hilaire points outf, in the greater number of 
eases the same mother has given birth to two or more dwarfs, 
amongst the cases he cites being that of the dwarf brother and 
sister described by Aldrovandus $. I have also met with an 
account of one case where dwarfisimess was distinctly hereditary §„ 
Francesco Leporata, born of full-sized parents, was at the age of 
88, 1*130 mtr. He had married a full-sized woman and had issue 
at the time of enquiry:—(1) Doralice (F.), set. 50, height 1*180 
mtr.; (2) Anna, tot. 41, height 0*9SO mtr.; (8) Maria, ait. 81, 
height 1*155 mtr.; (4) Maddalena , ait. 84, of normal height; 
(5) Antonia , tot. 44, height 1*840 mtr.; (0) Pietro , tot. 42, height 
1*800 mtr. Antonio (5) married twice. His first wife, who was 
of full size, here him a normal-sized daughter; his second, also 
a full-sized woman, bores him throe sons:— (a) at. 14, height 
0*945 mtr. (normal for ago, 1*40 mtr.); (/)) set. 9, height 0*970 
ntir. (normal, 1*219 mtr,); (a) wt. 7, height 0*910 mtr, (normal 
1*100 mtr.). Piet ro (6) married a lull-sized female, and had issue'— 
(a) M, ash 0, height 0*825 mtr. (normal 1*040 mtr.); (b) F. art. 8, 
height 0*650 mtr, (normal 0*864 mix**); (c) M. tot. 1|, height 
0*616 mtr. (normal 0*744 mtr.). 

* Topinard, op. tit. p, 480. 

t Op. tit. p. 150. J * Monstrormn Historia,’ pp. 603 & 604. 

§ Quoted from Ludwig Frank, Mem. della It. Accad. di Torino, t. 25. 
p. 96 (Torino, 1820), by Taruffi, Biv. Clin. 2 ser. viii. p. 83; Abstr. Schmidt’s 
Jabrb. 1.198, S. 8. 
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Absence of Bones or Parts of Bones. —Malformations of this 
kind are not very uncommon. In the following, amongst other 
cases, the condition lias been hereditary:—(1) Prof. Sir Win. 
Turner has described * a case of shortening of the ring-finger, 
which was 1*2 in. shorter than the middle, and only 0*5 in. longer 
than the little finger. This condition was not due to absence of 
any of the "bones, but to imperfect growth of the metacarpal bone. 
In the family was also present widening of the great toe and 
thumb-—sometimes with short ring-finger, sometimes without. 
The malformation ran through sis, or possibly seven, generations. 
(2) In another family t shortening, due to absence of phalanges, 
in a variable number of digits ran through three, or possibly four, 
generations. (8) Absence of patellae through two? and three § 
generations has been recorded. (4) Imperfection of one or other 
end of one or both clavicles has existed through three generations 
in a family ||. There can be little doubt that these malformations 
are blastogenic, and due to deficiency of formative material. 

Peromelia and Perodactyly. —Absence of parts or of an entire 
limb or digits. This group opens up the whole question of 
iutra-uterine amputations,■which requires some little consideration. 
First described by Montgomery IT, it has been discussed by a 
number of later writers, some of w T hose opinions must here be 
dealt with. In Montgomery’s first case the foot which had been 
amputated was found in the membranes, and was apparently two 
months younger than the child to whom it belonged. In another 
case the constriction bad severed everything but shin and bone. 
According to bis view inflammatory lymph was thrown out, 
which constricted the growing part and effected the amputation. 
Dr. Macan has described a case of amputation of the arm below 
the insertion of the biceps, in which the cicatrix was quite healed. 
The amputated part was not found, though searched for. In 80 
years only one case of intra-uterine amputation had been recorded 
in the practice of the Kotunda Hospital, Dublin. In the discussion 
which followed upon the paper in which this case was described, 
Dr. Kidd said that in something less than 80 years he had seen 

* Joum. An at. & Phys. vol. xviii. p. 463. 1' Tilley. 

J Med. Notes and Eeflections, p. 33. 

§ Med. G-az. 1833, p. 519. || Warren Museum Catalogue, no. 237, 

In an Essay “ On the Spontaneous Amputation of the Foetal Limbs in 
Utero” at the end of his “ Signs and Symptoms of Pregnancy.” 

** Dubl. Joum. Med. Sci. vol. lix. p. 55. 

Lem joubh.—zoology, vol. xxixi. 
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four cases. In one of these, the leg was amputated between the 
knee and the ankle, the severed portion being found in the mem¬ 
branes. Other bands had nearly amputated some of the lingers, 
According to Ilennig *, the substance which forms the bands may 
be formed sometimes from the skin of the embryo, sometimes from 
the membranes, and sometimes from both. Tire skin alone was, 
in his opinion, the cause in most of the recorded examples of 
spontaneous amputation. Before considering what proportion 
of the cases of defective limbs and digits may be due to this 
cause, it will be necessary to consider two special classes of cases. 
(X) Oases of perodaetyly with absence of a forearm-bone and 
carpal hone. I have described f an instance where radius, sca¬ 
phoid, trapezium, and thumb were all absent on both sides. It 
is obvious that eases such as this could not be produced by 
amniotic causes, but are due to absence of formative material and 
blastogenie in their nature. (2) There is a curious group of 
eases where on the end of the stump are to be found fingers 
generally in an imperfect state of development. Or there may 
be a want of the intermediate parts in the extremities so that 
the hand is attached immediately to the shoulder and the foot to 
the hip, as in the remarkable ease of Marco Catonze, figured by 
Vrolik X and Burster §. Simpson ||, in 1841, noticed what he 
called a tendency to rudimentary reproduction of the amputated 
members on the face of the stump. This he compared with the 
cases of reproduction of limbs in lower animals. Sturgelf 
describes an interesting case of a man aged 22, in whom the 
radius and ulna on the left side ended in a conical stump 3 in. 
below the elbow-joint. On the 'flexor aspect of the stump, and 
situated transversely across it, were five little projections, the 
one nearest to the radial side being the largest and the re¬ 
mainder gradually decreasing to that on the ulnar border ; 
the largest and the adjoining one had well-marked nails. 
The author's remarks upon the subject will be more appositely 
quoted somewhat later, The point is a very interesting one and 
by no means clear, but it may be doubted whether there is really 
any truth in the restoration theory, and whether the foots are not 
much better explained by some such hypothesis as that offered 
* “ Ueb. &, Nebenbander u, Schafhautstrango in dor Eikohle cl. Menscli.,” 
Virchow's Arch. Bel. six. 8. 200. t Anat, Anzeiger, Jahrg,3. $, 08, 

■ \' Art. “ Teratology” Todd’s Cycl. of Anat, & Phys. figs. 024, 025, 

| Op, pit* Tab ad. figs-6 & 7. |( Selected Obstetric Works, p, 129, 

% Trans. Path. Soc. yoL xxn. p. 208. 
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by the last-named writer, wlien be says u they [i. e. the imperfect 
digits] represent the amount of yitality left in the embryonic cells 
from which the extremities of the limb should have developed.” 
We explain the presence of extremities on sacral tumours repre¬ 
senting an imperfect parasitic twin, such as those of Anna Maria 
Przesomyl and the other given by Braune * * * § , by supposing that the 
cells forming that portion of the limb have come to development, 
whilst others have failed to do so; and there seems no reason why 
a similar explanation shonld not be given in the eases under 
consideration. Passing from these special groups, it may next 
be mentioned that Erlich f has grouped congenital defects of 
extremities into the following divisions :—(1) deficiency of forma¬ 
tive material (Anlagekeim); (2) deficiency of division or segmen¬ 
tation (Grliederung) where a ray (Tibia, Eadius, with tarsals or 
carpals, &c.) is absent; (8) deficiency of growth from injury to 
cartilage or bone, Foetal Eachitis; (4) spontaneous amputation, 
or strangulation. 

We have now to consider the bearing of the facts just detailed 
upon the section of the subject now under discussion. First of 
all we may dismiss, I think, the subject of peromelia, since I am 
not aware that it has ever been described as hereditary in man. 
St-Hilaire J has given an account of one case in which it was 
hereditary in dogs, and I know of no other of any kind. Pero- 
dactyly is, however, not uncommonly hereditary. In a case 
given by Fotherby §, the hands and feet were both affected, only 
great and little toes being present in the latter; the malforma¬ 
tion ran through five generations. Other cases have been given by 
Holmgren||, five generations; KrabbelF, three; and Lucas, four**. 

In considering the nature of this defect it should he borne in 
mind that there are several preliminary conditions, so to speak, 
leading up to it and often merging into or blending with it, none 
of which could he caused by amniotic agencies. Thus Aimandale 
gives the following degrees of union of digits, a condition 

* ‘ Die Doppelbild. u. angeb. Geschw. d. Kreuzbeingegend, 1 Leipzig, 1862, 

Taf. iii. figs. 1, 2, 3, & 7. 

t “ XJntersueh. fib. d. Cong.-Def*. u. Hommungsbild d. Extrem.,” Virch, Arch. 
Ed. 100. S. 107. t Op. cit vol. ii. p. 570, 

§ Brit. Med. Journ. May 22, 1886. 

|| XJpsala lakareforen. forhandl. xvii. 7 og 8, 8. 513 ; Abstr Schmidts Jahrb. 
Ed. 196. S. 121. 

% Word. Med. Ark. xii. 20. S. 1; Abstr. Schmidt’s Jahrb. Bd. 190. S. 121. 

** 'Traits de FHereditt* Naturelie (Paris, 1817), p. 198. 

88 * 
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recognized aw leading up to perodactyly *:— u Two or more digits 
may be united—(1) by loose folds of skin only (the true webbed 
condition)f ; (2) by it more intimate connection of tin 1 skin and 
deeper soft tissues; (2) by the union or '.fusion of the bones as 
well as the soft textures* Besides these forms of union, the 
digits of one hand or foot, or of both hands and feet, may be 
all massed together into one lump, so that it; may bo almost 
impossible to distinguish the individual fingers or toes*” This 
gradation of defects, the minor ones being of a kind not as¬ 
signable to amniotic agencies, is the first point in favour of the 
bhiytogenie nature of the defect. A second is the nature of the 
defect itself. "Whoever will, take the trouble to examine the 
figures in Forster (Taf. xii. figs. 1-21) will not have much 
difficulty, i think, in deciding that they are highly unlikely to 
have been due to amnio tie agencies. Many of the absent digits 
are central, yet these are surely more likely to escape entangle¬ 
ment in loops of fibrin than the marginal, which so frequently 
remain as the sole representatives. 1 may here quote m externa 
Stage’s remarks to which 1 have before alluded. Speaking of 
his case, which he looks upon as one of intra-uterine amputation, 
he says:— 44 The congenital deficiency may also be due to (1) a 
primary inherent abnormal condition of the ovum whereby its 
healthy development is interfered with in one or more directions; 
or (2) a localized morbid condition of one or more parts of the 
embryo at some time after conception. The former of the two 
conditions must be invoked in explanation of many cases of 
monstrosity, in cases where there is congenital hypertrophy of 
parts, and it is the most probable explanation of supernumerary 
parts. There can, therefore, he no reason, why it should not 
produce the opposite condition, viz. congenital atrophy of limbs 
and congenita) absence of portions of limbs. On the other hand, 
an inflammatory condition capable of throwing out organized 
lymph in sufficient quantity to produce intm-uterine amputation 
is quite as likely, if it attacks that portion of the blastoderm 
from which a limb is developed, to kill the delicate embryonic 
cells, or to modify their nutrition so profoundly that their sub¬ 
sequent development will be gravely compromised. I think it 
is worthy of inquiry whether rudimentary fingers have been 
present in any of those cases where the amputated limb has been 

* Op . A p, 40. 

t This may be hereditary. It has beer described us passing through four 
generations. Edinb. Med. Journ. 1858-9, p 501. 
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found. It is very easy to account for them on the hypothesis of 
mal-development, for in, that case they represent the amount of 
vitality left in the embryonic cells from which the limb should 
have developed. On this hypothesis, we should expect to find, as 
in fact have been found, many degrees of development ranging 
from minute nodules, representing fingers at one end of the 
scale, up to extremities of limbs which differ but little from the 
hand at the other end/’ 

To conclude this group, without excluding the possibility of 
cases of perodactyly, originally caused by amniotic bands being 
hereditary, since there are no data for such a denial, it appears 
to me, for the reasons given, above as well as from those which 
were brought forward when dealing with the subject of poly- 
daetyly and amniotic bands, that on the whole it is far more 
probable that perodactyly is nearly always due to defect of 
material, and is therefore blastogenic. 

Congenital Luxation of the Femur *—This is a condition which 
requires some consideration, since it is certainly at times here¬ 
ditary and since its origin has been very diversely explained by 
different writers. I append the following hereditary case, doubly 
remarkable since present on both sides of the house 


f!x f] n. f!x M. double 

| luxation 

A 

F.X n,M*=F.n. 

J. > = M.X 

cong. shortening | 
of thighs j 

I ”.~l T ~ 

F. X M. X ? sex. 

both left n. 

Professor Bennett, in an address on this subject^, enumerates 
the following opinions which have been expressed as to its 
cause. Dupuytren considered it to be due to an original fault 
of the germ, which, as Bennett says, is “ sufficiently vague.” 
Stromeyer attributed it to a disproportion between the head of 

* Quoted by Dupuytren from Massiat, Med, Gaz. 1833, ii. p. 570. 
t Dubl. Med. Jourrt. Ixxix. p. 11. 
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the femur and tlio acetabulum, Crave ilhier and Ohclius to the 
position of the foetus in utero or to violence in delivery, Ammon 
to arrest of development, Guerin to irregular nervous action, 
and South to an abnormal method of delivery. Recent writers, 
be proceeds, have assumed that the last-mentioned cause is 
always the correct one. This, however, is not the case ; the 
specimen which he himself dissected was perfectly normally 
delivered by a bead presentation. Other observations point to 
the fact that one of the causes, if not the chief cause, is a failure 
of development of the acetabulum due to a lack of material. 
Shaw, describing a living specimen, states that on digital exam¬ 
ination, u a projecting irregularly shaped surface, supposed to be 
the imperfectly-developed acetabulum, was felt ’’ Shepherd f 
has described a case which he had the opportunity of dissecting. 
The female, aged about 50, had the right leg smaller and shorter 
than the left. The wing of the right ilium was thinner, more 
upright, more curled inwards, and smaller. The acetabulum 
was a mere triangular depression in the bone with its apex di¬ 
rected upwards and to the right and its base corresponding to 
the cotyloid notch. The edges of this triangular depression were 
smooth and curled inwards and but slightly covered with fibro- 
cartilage. Its measurements v^cre 2 in. long, f in. broad, $ in."-, 
deep. Grawitz J, in a paper on the subject,refers the malforma¬ 
tion to a failure of development of the Y-shaped cartilage. In 
twelve cases which he examined, there was no trace of any 
inflammation of the joint as the cause. Whilst believing that a 
defect of development is the chief cause, the possibility of 
irregular or excessive nervous action being also a factor must not 
be overlooked, since the improper action of the muscles arising 
from it may induce the displacement of the head of the femur 
from the imperfectly developed acetabular cavity. The defect will, 
if due to defective development, be probably blastogoiric in its 
nature, There is, however, just the possibility that mal-nutrition 
of the foetus in viIgto may be the cause. This is a large subject, 
which will receive the attention it deserves in a separate and 
subsequent section. 

* Turns, Path, Soe. xvii, p. 206. The author remarks that it has never been 
explained why the malformation should so often affect both aeetabula and 
occur more frequently in females. 

f Journ. of Anat. & Phys. vol. xiv. p. 368, 

l u Ueber die Ursachen der angobornon Hiiffcgelenkvorronkungen,” Virck. 
Arch. Bd. 74. & 1(1878). 
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Cleft-Palate and Mare-Lip .—These malformations are un¬ 
doubtedly hereditary. Fritzsehe found the factor of heredity to 
exist in five out of fifty-two eases coining under notice in the 
Zurich Edixiik in ten years "A Mason f has recorded others, and 
Biondi $ gives the following table from Passavant §:— 


F.x 

I 


F.c.p. 


M.n. F.n. 


F.li.l. 

| F.c.p. 


I 


F.n. F.n. 


F.n. 

I 

I i 

F.c.p. 5M. 
all n. 


F.n. 


A 

_i 

I | Mn. 

F.n. M. 1 

h.l. F.c.p. 


F.n. 

i 


M.ii. 


(h.l.=hare lip; c.p.=cleft palate.) 

1 have mentioned these numerous cases since Forster and 
others have inclined to the opinion that cleft-palate is not here¬ 
ditary. Before leaving the question of heredity in connection 
with these defects, it should he mentioned that the parents, if 
not affected with the lesion itself, may present minor malforma¬ 
tions tending in that direction. Thus Mason (p. 18) says;— 
“ Sir William Ferguson used to look for, and generally find, a 
partial defect in the upper lip and jaw of one or both of the 
parents, and since he directed my attention to this point, I have 
observed it in many instances.” Again, Knaggs ||, in a report of 
660 midwifery cases conducted in Australia, describes one of 
exaggerated hare-lip and cleft-palate, in which several individuals 
on the mother’s side were similarly affected. Moreover, “ the 
mother possessed a very high-arched palate, so much so as to 
create the impression that she had narrowly escaped the defor¬ 
mity itself;” Finally, Murray f has placed on record a ease in 
which other malformations of the same region co-existed with or 
alternated with hare-lip. 

F. high arched palate. 

M. double luire-lip and sacculi. 

! 

! I i " I I I i I 

F. F. F. F. F. M. M. M. 

Sacculi. n. Double n. Arched n. Webbed Hare-lip. 

liare-Hp palate, fingers. Sacculi. 

and sacculi. 


* ‘Missbild. d. Gesichts/ {Zurich, 1878), p. 6. 
t * On Hare-Lip and Cleft-Palate 5 (Lond. 1877), pp. 21 & 64. 
t w Lippenspalte,” Yirch. Arch. Ed. 91. S. 173. § Arch. f. HeilL 1862,p. 305. 

|| Dubl. Med, Journ. lxxi. p. 431. Med.-Ohir. Eev. vol. xxri p. 502 
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When we come to Inquire into the causation of these defects, 
we find various theories given to account for them. Virchow *, 
writing of branchial and other clefts, says that without particu¬ 
larizing whether traumatic, thermic, or other causes act, the 
main fact is that the defects arise from an irritative process. 
Some may call this inflammatory ; in any case it is not passive hut 
active. Some forms of palatine and facial clefts have, he thinks, 
a similar origin in an early inflammation. It should he men¬ 
tioned that this was written as long ago as 1855, and that the 
theory which accounts for many defects by foetal inflammation 
has lost much, ground since then. The defect may he due 
to deficiency of material, and this again, it seems possible, may 
he due to mal-nutrition by the mother. I quote the following 
passage from Oakley Coles’s interesting chapter on the etiology of 
cleft-palate, to which I shall have to recur in a later section f;— 
£< Dr. Ogle has called attention to the fact that 99 per cent, of 
the lion-cubs born in the London Zoological Cardens have cleft- 
palates, and he has referred this curious phenomenon to the 
artificial diet necessitated by the enforced captivity. It has, 
indeed, been contended, in reply to this theory, that the experi¬ 
ence of the London Zoological Society is exceptional, differing 
from that of other menageries, and Mr. Pollock J has suggested 
that wre must seek for the cause of the phenomenon amongst 
other conditions than the food-supply. It Is true that among 
the lion-cubs born in the Lublin Gardens, cleft-palate is seldom 
noticed ; but it is stated that it used to occur quite as 
frequently as in London, when the feeding was conducted in a 
similar way, viz. by supplying only the meat of large animals. 
Now, however, that the lions are given goat twice a week, which 
they can eat bones and all, the proportion of cleft-palate has 
become quite insignificant. These observations seem to point to 
the possibility of cleft-palate in the human subject being due to 
an analogous departure from a natural diet amongst civilized 
nations, but it is at all times perilous to argue from the lower 
animals to man. At any rate the evidence at present before us 
does not admit of anything more than conjecture.'’ 5 If the in- 

* “ TJeb. Missbilcl am Oiir u, irn Beroiche des erstena Kiemenbogens/* Viich. 
Arch. Bd. 30. p. 221. 

t * Deformities of the Mouth * (Loud, 1887), p. 37. 

*} Holmes’s System of Surgery, vol. iv. p. 420, 
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flammatory theory or that of mal-nutrition be true, the condition 
would he somatogenic in its nature. Those cases where the cleft 
is due to the presence of a tumour are undoubtedly so, but they 
are, I believe, never hereditary. Ou the other hand, cases due to 
an original Jack of formative material would be somatogenic. It 
is possible that these and some other defects may be due to a 
hitherto little recognized cause, that is a failure of nerve-action 
during intra-uterine life. I purpose devoting a section at a later 
part of this paper to the consideration of this hypothesis. For 
the present, however, the subject of cleft-palate must be left in a 
highly undecided state. 

JSdentulim .—Partial absence of teeth, accompanied or unac¬ 
companied by peculiarities of the hair, is an hereditary condition 
at times. Cases have been given by Darwin aud others, and my 
friend Mr. Humphreys was good enough to supply me with notes 
of some observed by himself, which I published in my paper on 
“ Congenital Malformations and Heredity.” One very curious 
case communicated to me by Dr. Fackenheim, of Eisenach, and 
since published in his paper already quoted, I shall give at 
length, because of its bearing upon the question of mid-nutrition 
as a cause of defects, which has yet to be dealt with. In the 
case I allude to there is on the hither s side polydactylism both 
of the hands and feet, on the mother’s anomalous dentition. The 
mother’s genealogy, and the children born of her union with the 
polydaetylous Heinzler, stands as follows:— 

Katharina X 

i 

i i i i i i ~ 

Xaver Marie (M.) Oelestino Kunigimde Theresa (M.) Apnolonm Mathilda 
(M.) (M.) |, 

(unm.) x | | X (children (children (umii.) Heinzler 

X (children Alfons normal). normal). (polydaetylous). 

normal) X J " ^ 

Friedrich Frieda Adult* Matlnlde Elsa- August 
XX X (?) 

Katharina, the grandmother, had only two upper pointed 
teeth in place of the incisors, and two molars. Her children 
were situated, as regards their teeth, as followsXaver, un¬ 
married, is somewhat similar to his mother, so is Marie, who has 
normal children. Celestine is similarly affected, and so is her 
son Alfons, who possesses only four teeth including one first 
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molar. Kunigmicle and Theresa, as also their children, have the 
normal dentition; so also has Appolonia, who is unmarried. 
Mathilde has six exceedingly large and pointed teeth like canines, 
with wide gaps between, which represent the incisors, the re¬ 
mainder of her dentition being normal. Mathilde married 
Heinzler, in whose family polydaetylism is hereditary. Of their 
children, Friedrich (set. 11) has the most singular dentition of 
his generation. The lower incisors are in his case completely 
absent; in place of the upper incisors are two conical teeth. 
The remaining teeth are normally formed. The alveolar border 
of the inferior maxilla is thin and defective in the situation of 
the defective teeth. This is less marked in the superior maxilla. 
There is no trace of a frsenum linguse, hut otherwise the mouth 
is quite normally formed. It should be noted that these teeth 
belong to the milk-dentition, no permanent teeth having appeared. 
The defect is already commencing to exercise a marked effect 
upon the contour of the face, and undoubtedly influences the 
speech. The sister Frieda (set. 14) is not quite so deficient as 
her brother, hut the separate teeth are not so well formed as his. 
Like the brother, she still possesses her milk-dentition, In the 
upper jaw, in place of the incisors, are two pointed or crescentic 
teeth with their apices towards the middle line. In the lower 
jaw the incisors are replaced by three irregularly conical teeth, 
the central one being somewhat behind the other two. The 
remaining teeth are fairly normal, hut have considerable gaps 
between them. There is a very small fraenum linguae, hut no 
other oral abnormality. In both children the teeth made their 
appearance at the proper time. Both of these children inherit 
also the polydaetylism of the father. They are thoroughly 
healthy, have never suffered from any severe illness, and have no 
abnormal condition of the hair. The alveolar processes of the 
youngest child, August, are thin, from which the mother, 
reasoning from what she saw in the other children, confidently 
asserts that he also will exhibit similar abnormalities. Dr. 
Faekenbeim finally points out that the rudimentary condition of 
the alveolar processes in these children renders it impossible 
that the missing teeth are retained in the jaw. Fo one, so far 
as I am aware, has ever advanced the theory that defect in the 
number of teeth in a parent, due to the labours of the dentist, 
can be transmitted to the children. The fact that this experi- 
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ment, tried upon so large a scale, returns a negative reply is 
indeed to my mind one of tlie best arguments against the 
transmissibility of mutilations. There can be little doubt that 
the recorded cases of congenital and hereditary edentulism 
(congenital in the sense of the impotentiality being so) are bias- 
togenic in their nature. 

Microphthafoius. —This is the first of a group of malformations 
relating to the eye. In dealing with them, I have to express my 
obligations to my friend Mr. Priestley Smith, whose extensive 
knowledge of ophthalmologies! subjects has supplied my defi¬ 
ciencies in that direction. Microphthalmus is an hereditary 
disease—Sedgwick * narrating a case where it was hereditary on 
the maternal side and deaf-mutism on the paternal, both defects 
co-existing in some of the unfortunate descendants. It is 
extremely interesting in this connection to see how opinion as 
to the cause of microphthalmus has changed of late. It was 
thought by some authorities, for example Beutschmann f, that 
a foetal inflammation was the cause. Were this true the condi¬ 
tion would he somatogenic. Quite recently, however, Hess 
after a very careful examination of six microphthalmia eyes, has 
concluded :—(1) that there was no sign of past or present inflam¬ 
mation to be discovered; (2) that a union existed between the 
vitreous and the outer tunics of the secondary optic vesicle 
effected by means of a tissue nourished by the hyaline artery or 
a representative of that vessel. He goes on to state that he 
cannot regard this as being in any way an inflammatory product, 
hut considers it to be the result of an atypical embryonic develop¬ 
ment of the intruded mesoblastie layer which goes to form the 
vitreous. He refers to other published cases which resembled his 
in important respects, and to which he is inclined to attribute a 
similar causation. The connective-tissue band formed in these 
mierophtkalmic eyes may possibly be related to the funiculus 
sclerse, described by Hannover and shown by Eotholz to be the 
permanent representative of a structure existing in foetal life. 
Should these observations be correct, as seems highly probable, 
the malformation is a blastogenic one, though it is perhaps 
somewhat doubtful as to which class it should be referred to. 

* Med,-Chir. Rev. vol. xxviii. p, 205. 

t Klin. Monatsbl. f. Augenheilk., March 1881. 

t v. Graefe’s Arch. t Ophthalm. xsiv. 3. 
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Absence of Iris .—Page * has recorded a case where this con¬ 
dition, combined with microphthalmus and nystagmus, existed 
in a mother, two daughters, and a grand-daughter, two sons and 
a daughter haying escaped. Sedgwick t quotes another where 
absence of iris ran through three generations. There can be no 
doubt that this is a blastogenic condition. 

Oolohoma .—A failure to close completely on the part of the 
choroidal fissure, doubtless blastogenic in its nature, though 
whether due to defect of material or to a nervous cause is not 
certain. It is hereditary, and Darwin $ has given a case where 
it passed through four generations. 

Congenital Dislocation of the Lens .—I give here a table, drawn 
up by Stanford Morton §, where this curious condition was 
hereditary. 


M.x M.n. M.n.M.n. m!x M.x M.X M.x M.X F.n. F.n, F, 


M.X M. M.n. M.n. P.n. F.n. M.x 


,rj j ,i i ,i r i 

M.x F.n. F.n. F.x M.x F.n F.n. 

This defect “is sometimes associated with coloboma of the 
choroid or optic disc, sometimes with persistent hyaloid artery; 
more frequently it is met with in eyes which appear otherwise 
healthy. A partial lateral displacement indicates a faulty 
development of the suspensory ligament, by reason of which the 
traction upon the lens is unequal at different parts of its circum¬ 
ference. The displacement is usually upwards or upwards and 
outwards, indicating a defect in the lower part of the ligament, 
analogous to an imperfect closure of the foetal slit. It is usually 
present in both eyes, and is symmetrical or nearly so in the two. 
It has frequently been met with in several members of one 
family and in successive generations SJ j|. The defect from this 
appears to he one of deficient development, blastogenic in its 
nature, 

* Lancet, Aug. 8, 1874. t From Ammon’s Zeitschr., iol. i. no. 4. 

{ Op, cit vol. i. p. 454. § Oph. Hosp. Eeps. is. 435. 

|| P, Smith, in Heath’s Diet, of Pracfc. Surg., Art. “ Crystalline Lens , 1 
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Strabismus ,'—Squint is sometimes hereditary, though Mr. 
Priestley Smith tells me very rarely. Portal in his ls Conside¬ 
rations stir les Maladies de Pamiile,” describes an imperfect 
form, called the Montmorency sight, with which nearly all the 
members of that family were affected. In speaking of squint, it 
must be very carefully borne in mind that the only true con¬ 
genital cases are those which are noticed instantly after birth. 
This sounds like a truism, but it is a very necessary caution, 
since there are many cases noticed, not at birth, but within the 
first few weeks of infancy, which are called, incorrectly, con¬ 
genital. These last-mentioned cases are secondary in their 
nature and follow upon hypermetropia, which is very commonly 
hereditary. As regards the true hereditary cases, "Whicker and 
Landolt f remark that they probably result always from some 
lesion of the nerve-centres or of the motor-oeuii nerve in intra¬ 
uterine life. The muscles corresponding are then rudimentary 
or present abnormal insertions, as iu a case recorded by M. H enck, 
who had the opportunity of making an autopsy on a child thus 
affected %. I am informed, I should say, that the question as to 
whether the muscles are really shortened in this affection, is one 
which is much disputed by ophthalmologists. As regards the pri¬ 
mary hereditary hypermetropia, which is often the cause of the 
secondary strabismus, since the hypermetropic eye is smaller 
than normal, a deficiency of material may be the factor which 
produces it, or, and I think more probably, the defect may have 
a nervous origin. As regards the opposite condition of hered¬ 
itary myopia, Mr. P. Smith writes § :—“ Pirstly, there is the 
hereditary predisposition. Different observers estimate the 
importance of this factor very differently, but hardly anyone 
will deny that under similar circumstances, the children of 
myopic parents are more liable than others to acquire myopia, 
and that this fact is a weighty one in relation to the general 
progress of the disorder through successive generations. 
Whether the transmitted tendency depends chiefly on pecu¬ 
liarities in the tissues of the eyes themselves, or on the mechan¬ 
ical relations subsisting between the eyes on the one hand, and 

* Of. Kibot, “ Heredity,” Engl, transl. p. 89. 

t Traite eompl. d’Ophtbalm. vol. iii. p. 867. 

t “Ueber angeb. vererb. Bewegliehkeits-Defecfc tier Augen," Klin. Monats. 
i. 1079. 

§ Ophtkal. Kev„ June 1886. 
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the muscles, the optic nerves, and the orbits on the other, is not 
yet positively known. Secondly, there is the supposed corre¬ 
lation between the growth of the brain and the growth of the 
eye, by reason of which a high degree of cerebral development 
is apt to be associated with an overdevelopment of the eye.” 
(The remaining two causes given in the paper quoted from are 
not germane to the subject of hereditary defects.) The con¬ 
sideration of the defects dealt with in this last section will be 
better deferred to the section in which the influence of nerve- 
action is discussed. 

Absence of the External Aar .—Sedgwick* gives a case of 
absence of the left external ear—a father not himself presenting 
the defect, had a son who did; the father’s cousin, a male, was 
affected as were two of Ms male children, a daughter escaping. 
This case, as he remarks, seems to point to the existence of the 
defect in some earlier ancestor. The same writer quotes a case 
recorded by Anderson Smith f in which a woman, two of her 
daughters, and two grand-daughters, had rudimentary lobules to 
their ears, the male children and grand-children being normal. 

Cleft Lobule of the Aar .—This condition is of particular interest, 
since it was first brought into prominence by being advanced 
as an example of tbe heredity of a mutilation, in opposition to 
Weis maun’s views. So far from this being the case, the defect, 
now that attention has been directed to it, seems rather to 
support his contention. It is to be hoped that the stimulus 
to observation given by the publication of Weismann’s Essays 
may lead to the clearing up of more of the many vexed questions 
in the field of Teratology. The history of the controversy on 
this condition is as follows. Dr. Emil Schmidt J described a 
case in which the mother had acquired a cleft of the lobule of 
the left ear by the tearing through it of an earring whilst at 
play, at the age of 8 years. Of her eight children, the second, 
a boy, presented a cleft of the lobule of his left ear, which 
was regarded by Schmidt as an inheritance of the mother’s 
mutilation. However, His § and Weismann |i have both pointed 
out that the cleft in the son’s ear is quite different from that 
of the mother, and occupies a different position. Finally, 

* Med.-Chir. Eev. vol. xswiii. p. 206, t lb. vol. xxxi. p, 457. 

t 4< Ueb. Tererbung inclmd. erworb, Eigenseb.,” Oorresp.-Bl. &. deutschen 
Gfes. f. iaitbrop., Hoy. 1888. § lb. March 1889. 

| 4 Ueb. d, Hypotbese einer Vererb. v. Yerletzungen,’ Jena, 1889. 
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Dp. Oscar Israel lias published a paper * on the condition, in 
which he describes two similar cases in which there is no muti¬ 
lation in the parents. Moveover, he points out that the cleft 
always has its site in the position of a fissure of normal occurrence 
in the development o£ the ear, which fissure has been called by His 
“ Sulcus intertragicus.” The malformation, therefore, falls into 
line with the other congenital clefts as an arrest of development. 

Branchial Fistula .—A failure in the closing of the branchial 
clefts producing the condition known as branchial fistula is at 
times hereditary. In fact the influence of this factor appears to 
he considerable, since Heusinger f was able to trace its action in 
seventeen out of forty-six individuals. The following table 
given by Ahlfeld from Ascherson $ gives a good example of an 
affected family’:— 

F.X 

__ ! _ 

•I I J 

R X M.n. R X Rn. 

_I_ _]_ 

! I ! I ! t ! 

Rx Rn. M.x Rx RX F.X M.11. 

The condition seems to be undoubtedly blastogenic, though 
whether due to lack of material or to nervous causes is not clear. 

Hypospadias. —This malformation is sometimes hereditary. 
Lucas § gives a case in which grandfather and father both were 
affected; whilst the son had the same defect combined with 
atresia ani and rectum opening into the urethra. In another case, 
alluded to by both Darwin and Lucas, and originally described 
by Meckel ||, a female in whose family hypospadias was present, 
gave birth to two sons, both affected with the same deformity. 

This exhausts the list, so far as I am aware, of hereditary mal¬ 
formations of the second sub-division. The last division, that of 
abnormalities not due to faults of formative material, which must 
next he dealt with, will not require any very lengthy consideration. 

* <£ Angeb. Spalten d. OkrliippchensYirck. Arch. Bd. 119. S. 241. [Since 
this paper was written, several communications have appeared on the subject, 
the titles of which are here given for the sake of completenessOrnstoin, Arch, 
f. Anthrop. t. xviii. f. 4; v. Swiecieki and His, Arch. £. Anafc, u. Entw., Jahrg. 
1890, Hft. 5 & 6; cf, also Laloy, 4 *Malform. Her&d, da Pavilion de rOreille,” 
L’Anfchropologie, i. p. 5.— Foie, Dec. 30, 1890,] 

t Yirck Arch. Bd. 29. S. 358, 

} Be fistulis colli congenifeis, Biss, pro venia legend! (Berlin, 1832). 

§ (From Br. Bitter von Rottembourg,) vol. I. p. 324. 

|| Hdb. d. path, Anat* vol, i, p. 20, 
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Part 3 .—Malformations possibly Mechanical . 

It will ‘be most convenient to take this group under the head¬ 
ings indicated in the first section. 

Clefts due to Tumours .—Foetuses horn with such deformities 
are, I believe, almost always still-born. In any case I have 
never met with an account of any case where such a condition 
was hereditary. 

Clefts due to Fluids of an Inflammatory Nature .—As examples of 
this may he mentioned such defects as abdominal fissure, sufferers 
from which are always still-born ; anencephaly again, a condition 
in which life is impossible for more than a few hours at the 
most; with, possibly, spina bifida. Opinions are, however, 
divided on this question. “Which is the primary defect,’ 1 says 
Mr. Treves *, “ arrest of development in the hones, or dropsy of 
the membranes? Does the deficiency in the bony canal en¬ 
courage a protrusion of the membranes ? Or has the protrusion 
prevented the proper formation of the osseous canal ? ” To this 
question, he says* no satisfactory answer has yet been given. 

Defects due to Formation of Inflammatory Fibrous Tissue .— 
That part of this section which relates to deficiencies of extremi¬ 
ties has already been sufficiently dealt with in the paragraphs on 
Peromelia and Perodaetyly, since most of what was there said in 
connection with the influence of amniotic bands in the produc¬ 
tion of defects might also he applied to the present question. 
As far as atresia ani is concerned, if any cases are attributable 
to the cause under consideration, that defect is of no importance 
so far as this inquiry is concerned, since there is no evidence, so 
far as I am aware, that it is ever hereditary. 

Defects due to Amniotic Pressure .—These defects are of a 
totally different nature to those previously discussed in con¬ 
nection with the amnion. The defects of this class arc due to 
the compressing action of an amnion free from obvious inflam¬ 
mation or other disease. This pressure may follow, it appears, 
from (1) a deficiency of liquor amnii, whereby the foetus is 
brought too much under the influence of the amnion and 
possibly also of the uterine walls; (2) a want of sufficient 
growth on the part of the amnion itself, whereby the growing 
embryo is compressed; (3) possibly, the abnormal size of the 

* Internal}. Encyel. of Surgery, vol. iv. p. 891, 
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child itself. It is, however, unlikely that this factor, save 
perhaps in very rare cases, can produce any lasting effects. 
Every obstetrician has seen large children with their feet 
“ tucked, 55 to use the common phrase, but which have suffered 
no permanent injury. The malformation, however, which does 
require some consideration here is that of Talipes, which is at 
times hereditary, and which is thought by some to be caused by 
amniotic pressure. I shall, I think, give the best idea of opinion 
on this subject by some extracts from a very careful monograph 
on the question by Parker and Shattock*. "With regard to 
nerve causes which have been considered by some to be the most 
probable solution, they say:—“ By those who advocate this 
theory it is argued, that because talipes ensues after recognized 
nerve-lesions, a nerve-lesion must therefore be the cause of those 
forms of talipes which are congenital, since the two deformities 
are so outwardly alike. This argument, they think, is strength¬ 
ened by the fact that talipes is often associated with malforma¬ 
tions of the nerve-centres (such as anencepbalism, spina bifida, 
&c.). In the first place, the supposed nerve-lesions have never 
been demonstrated. Apart from the fact that in our own case 
the nerve-centres and the nerve-trunks were perfectly normal, 
there are clinical facts which tell against the nerve theory of 
causation. The most important of these is that talipes is an 
accidental, and not an essential, sequel of paralysis .... If further 
evidence in this direction he needed it is to be found in the fact 
that congenital malformation of the nerve-centres occurs without 
the association of talipes, as is abundantly shown by the speci¬ 
mens of aneneephalus preserved in museums; Mr. Pepper has 
recorded f a case of so-called complete absence of brain and 
cord associated with talipes calcaneus of both feet, among other 
deformities. In this case we should have to assume a negative 
action of the nerve-centres, a vraut of nerve-control, perhaps, if 
we would invoke a nerve-cause at all.... We think it Quite pos¬ 
sible in a few cases that there may he a nerve-lesiou apart from 
such manifest conditions as spina bifida, <fee. Por very occa¬ 
sionally at the time of birth (and the same may be found at 
comparatively early ages in the foetus) the limb is more or less 
atrophied, a condition which is especially observable when the 

* Trans. Path. Soc. vol. xxxv. p. 423. 

t Med. Press and Circ., May 8,1878. 

LIMIN'. JOUEM.—ZOOLOGY, VOL. XXIII. ,84 
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atrophy is confined to one side. "We must, however, confess 
that we have no direct observations on the nerve-centres in 
support of these views. They are derived solely from clinical 
observations of cases, and the results may very well be put 
down as due to mechanical causes, and belong to the same 
category of cases as intra-uterine amputation &c.” In con¬ 
clusion, they say:— ££ We think that of all the explanations of club¬ 
foot hitherto offered, a mechanical one is the most reliable and 
satisfactory for the great majority of cases. 55 Their remarks on 
heredity in connection with this malformation are also worth 
quoting. “ With regard to heredity, the whole question is so 
obscure that it is hardly profitable. Although cases of hereditary 
transmission of the deformity from parents to children do 
undoubtedly occur, yet in the vast majority of instances no such 
hereditary influences can be traced, and this is even true in 
instances where several children in the same family have suf¬ 
fered. The influence of heredity, however, may be invoked with 
equal force, whatever view of the pathology of the disease be 
adopted. But at first sight it may seem not a little remarkable, 
that in some cases the deformity is transmitted along the 
paternal line; and it may he difficult to harmonise this fact 
with the influence of environment on which we have insisted. 
It need only be remarked, however, that the environment of 
the foetus depends upon the foetus itself, not less than upon the 
mother. Bor most recent observations show that the liquor 
amnii may he considered throughout a foetal and not a maternal 
product. Excess or deficiency in its amount may, therefore, be 
the result of a tendency inherited either from the father or the 
mother. 55 It is evident that no definite opinion can at present 
be hazarded as to the cause of talipes and, therefore, as to its 
nature, whether blastogenic or somatogenic. 

Deficiencies due to Amniotic Adhesions .—These have already 
been discussed sufficiently in earlier sections. 

Having now passed in review all the congenital malformations 
with which I am acquainted, it remains for me to consider in the 
succeeding sections certain general questions which appear to 
need a separate treatment. These include, inter alia , the effects 
of maternal impressions and of the maternal nutrition upon the 
development of the embryo ; and the part, if any, played by the 
nervous system in the production of abnormalities during the 
same period. 
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Section III.— Consideration or certain possible causes 
oe Malformations. 

Part 1.— Mental Impressions. 

Mental impressions of the pregnant woman reacting upon the 
developing foetus were for years supposed to be a potent factor 
in the production of abnormalities. This question is an import¬ 
ant one, since abnormalities so produced would be undoubtedly 
somatogenic. The theory has, however, been long abandoned by, 
I believe, all biologists. Yrolik * years ago formulated bis 
reasons for denying its action. These reasons are to my mind 
unanswerable, and, in order that this paper may he as complete 
as possible, I shall reproduce them here with some additional 
comments. 

(1) As Allen Thomson points outf, “It may he remarked that 
the stage of the period of pregnancy at which the injury of the 
child may take place is by no means defined, and that there is 
no correspondence between the time or advancement of the 
foetus and the nature of the injury. Some injuries are said to 
have occurred or to have had their foundatiou laid at the very 
moment of conception, and even occasionally before that time, 
while others are indicted only a few weeks before birth.” Where 
by chance the time of the supposed “ impression ” does coincide 
with the malformation, and this is the case in a very small 
minority of instances, there is no reason to suppose that the occur¬ 
rence is other than a coincidence, for the reasons which follow. 

(2) u That malformations seldom, or perhaps never, agree with 
apprehensions or fears a priori of pregnant women (Gr. Yrolik, 
T. Zimmer, J. J. Plenck, and Eurdach). On the contrary, it often 
happens that a woman who has once procreated a malformation, 
and is continually troubled by the fear of another similar sad 
occurrence, may become the happy mother of a second ivell- 
for rued child.” {Yrolik.) 

(3) There is no nervous connection between mother and child 
through which such an impression could act. There is abundant 
evidence to show that a violent mental shock to the mother may 
cause the death of the foetus and its subsequent expulsion. Thus 
Priestley J says :—“ There is no doubt greatly increased nervous 

* Todd’s Cyclop, of Anat. & Phys., Art. “ Teratology,” 

t lb, Art. Generation,” J Pathology of Intra-Pterine Death, p. 68. 

a#- 
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tension in all pregnant women, bright, anxiety, a sudden impres¬ 
sion made upon tlie mind or body, may not only initiate uterine 
contraction at any period of pregnancy, but there is every reason 
to believe that a sudden mental shock may at once kill the early 
embryo or more mature child even if it he retained some time 
afterwards. [Repeatedly it has occurred to me, as to others in 
practice, to have patients dating the exact time of their child’s 
death in utero to some alarm of shocking occurrence which has 
profoundly affected the whole nervous system. The immediate 
effect described was first violent perturbation and undue active 
movement of the child for a brief interval, followed by cessation 
of foetal movement, and absolute quiescence in the future. In a 
few rare instances the woman has been mistaken in supposing her 
child to be dead after a shock or fright she has experienced, but in 
a large number of cases the relation between the cause and the 
effect has been too clear to he accounted for by >iere coincidence, 
and the child has sooner or later been expelled dead, possibly 
both dead and putrid. It is no uncommon thing for a woman in 
early pregnancy, on the receipt of bad news, which much per¬ 
turbs her, to be seized with uterine haemorrhage, ending in 
abortion. Condemned women prior to execution have been 
known to abort beforehand, and, under the influence of terror 
and pain, martyred women in former days are said to have 
aborted at the stake. So potent is mental influence on the 
stability of pregnancy, that I have had reason to believe the 
mere dread of miscarriage has in some women been an import¬ 
ant factor in bringing it about ; and I have known pregnant 
women who have previously miscarried, get into such violent 
mental agitation as the time approached at which they had aborted 
before, that the event they feared was precipitated, and preg¬ 
nancy was brought to a premature conclusion. 55 

It is not difficult to understand how, by undue oxygenation 
of the blood leading to foetal asphyxia, or by some chemical 
alteration in its constitution, at present unrecognized, the death 
of the embryo might be caused, but it does not appear how its 
rnal-developmerit can be accounted for by similar causes. 

(4) Malformations, and those of a similar nature to those met 
with among human beings, occur amongst lower animals, where 
the effect of an impression 55 can scarcely be postulated. 

(5) One of a pair of twins may be malformed, whilst the other 
escapes. 
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(6) u More deeply situated organs, the very existence of which 
may be unknown to the pregnant woman, may be malformed ; as, 
for instance, the heart, the intestinal tube, &c.” ( Vrolik .) 

Knally, I may conclude this section with the words of 
Thomson :— £ ‘ We concdude by adopting and expressing the words 
of Dr, Blundell, 4 that it is contrary to reason, experience, and 
anatomy to believe that the strong attention of the mother’s mind 
to a determinate object or event can cause a determinate or a 
specific impression upon the body of her child without any force 
or violence from without; and that it is equally improbable that, 
when the imagination is operating, the application of the 
mother’s hand to any part of her ow T n body wall cause a disfigu¬ 
ration or specific impression on a corresponding part of the body 
of the child.’ ” 


Part 2 .—^Effect of Maternal Nutrition . 

The contention may possibly be raised, as has been hinted in 
earlier sections, that the state of the mother’s nutrition during 
the period of pregnancy may he a factor in the production of 
abnormalities. The forms in which this kind of influence might 
a priori be expected most probably to take effect are those of 
dwarfs and giants, but as I endeavoured to show r , when dealing 
with those groups, there is no evidence of this factor being of 
any importance j indeed there seems, on the contrary, good reason 
for the formation of an opposite opinion* The case of the lion- 
cubs affected with cleft-palate is, however, one which at first 
sight seems to lend some colour to such an hypothesis. In 
considering it, however, it must not be forgotten that these 
were not hereditary cases, but had, in all probability, a specific 
cause, and ceased to occur when that cause was removed. On 
the other hand, there are numbers of cases which might be cited 
where faults of excess aud of defect co-existed in the same 
children, to explain both of which by the nutrition hypothesis 
would seem to he a very difficult matter. Thus, for example, in 
the Heinzler family polydaetylism and defective development of 
the teeth co-existed. And, again, and this case is of special 
interest in connection with the lion-cub matter, Eoux * has 
recorded an instance where a father and child were both the 


* Lucas, op t cit. yol i. p. 307. 
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subjects of liare-1 ip and cleft-palate, and both also possessors of 
sis digits. I may again revert to the views of Gcdcles and 
Thomson on the subject of the influence of nutrition on the 
determination of sex. Should it be the ease that this is the 
determining factor, it would he a strong argument in favour of a 
direct somatic influence upon the germ-plasm, though even then 
it would not prove that the state of the maternal nutrition had 
anything to do with the production of abnormalities. Meantime 
the hypothesis just referred to requires a great deal more proof 
before its acceptance can become at all general. 

Medical literature is full of cases illustrating the influence of 
the state of health of the parents, both male and female, in pro¬ 
ducing the early death of the foetus, or the birth of sickly, ill- 
developed children. Dr. Priestley states that he knew of one 
case where a man the subject of slight albuminuria married a 
young woman apparently in perfect health. They had one child, 
delicate and fragile, within a year, and the wife aborted subse¬ 
quently in three successive pregnancies—the husband growing 
weaker year by year, and eventually dying of uraemia. Lead¬ 
poisoning and other affections of the parents, most notably of 
all syphilis, may be followed by the same .results. Again, as 
Stolz * has observed, fat women are often sterile and if they 
conceive are apt to abort. He believes this depends on nutrition 
taking an abnormal direction, and that the nutritive fluids 
destined for the nutrition of the embryo are thus insufficient for 
its development. All these influences, however, produce, as 
might be expected, general effects upon the whole feetus, and not 
isolated or scattered abnormalities, at least so far as we at 
present know. ... 


Part 3 .—Effect of Placental Diseases . 

Yarious diseases are known to attack the placenta, in many eases 
causing the death of the foetus. Is it possible that these may in 
any instances lead to the production of abnormalities where in¬ 
sufficient to cause the death of the foetus? I have searched 
through a considerable amount of medical literature without much 
result, Ercolani + does not mention any such possibility. In 

* Des Aecouehements (quoted by Priestley), 
t Histology and Pathology of Reproduction, 
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fact the only note on the subject which I have been able to find 
is a remark by Priestley that Spath in nineteen cases in which 
calcareous concretions were present in the placenta, found one 
of congenital rachitis, one of spina bifida with hydrocephalus, and 
one of slight hydrocephalus. On wdiich Priestley remarks that 
“ the presence of calcareous deposits, in the placenta, therefore 
seems associated with some pathological conditions unfavourable 
to the welfare of the child, although the adverse influence does 
not proceed far enough in most cases to extinguish life.” It is 
to be noted that the first and last of the cases mentioned are cases 
of foetal disease, and that the second one, seeing that hydrocephalus 
was also present, almost certainly comes under the same category. 
As in the case of parental nutrition, it seems more likely that 
disease of the placenta would produce general rather than special 
effects upon the foetus. 


Section IV.—Oh the possible Neryotjs Origin of 
certain Malformations. 

Part 1 .—Affections of a possibly Trophic Nature* 

Under this heading I desire to discuss the possibility of an 
inefficient action of the nerves during the development of the 
embryo being a cause of malformations. I have used the word 
44 trophic,” not because it quite expresses what I mean, but be* 
cause I know of no better term. The point I wish to raise is, 
whether the trophic nerves or other nerves allied to them have 
not a potent action in directing the development of the embryo, 
and whether a failure for any reason on the part of these nerves 
to do their work may not be followed by certain malformations. 
In considering this question, it will first be advisable to learn what 
effects follow upon trophic failure in post-uterine life, tandois 
and Stirling # say in this connection, that the nutritive changes 
which follow in the eye. upon section of the ophthalmic division 
of the fifth nerve, are best explained by the theory of trophic 
fibres, whose centre is the G-asserian ganglion, and they proceed 
to state:— 44 The trophic disturbances which sometimes accompany 
affections of the trigeminus are particularly interesting. They 

* Text-Hook of Human Physiology, vol. ii. p. 790, 
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are—a brittle character of the hair, which frequently becomes 
grey or falls out; circumscribed areas of inflammation of the 
skin, and the appearance of a vesicular eruption upon the face 
(often following the distribution of certain nerves), which may 
also occur on the cornea, constituting the neuralgic herpes 
cornea of SehmidtkRimpler. Lastly, there is the progressive 
atrophy of the face, which is usually confined to one side, but may 
occur on both sides. It is caused very probably by atrophic 
affection of the trigeminus, although the vaso-motor nerves may 
also be affected reflexly.” The following cases will illustrate 
the effects:— 

(I) Otto Schmidt*’ was first affected at the age of ten, 
atrophy of the left side of the face commencing at that age. At 
the age of forty-one, the muscles, bones &c, of the left side of the 
face were much smaller than those of the right, and all the sub¬ 
cutaneous fat had quite disappeared, no hair save a very small 
moustache growing upon that side. The left orbit was much larger 
and the eye deeply sunken from disappearance of the post-orbital 
fat. Atrophy did not extend beyond the vertex, The median line 
of the face was crescentic, with the concavity directed to the left, 
from the shrinking of that side. The left side of the tongue was 
atrophied, and the sight of the left eye impaired, though not from 
atrophy of the optic nerve. The sense of smell and discharge of 
mucus were both less on the left side than on the right. All these 
changes were probably due to some lesion of the trophic fibres of 
the trigeminus. 

(2) Dr. Stewart f has recorded a case where the patient, a 
hoy, aged 14, was severely frost-bitten at the age of ten, on 
the left cheek and ear. Eighteen months after, atrophy was 
first noticed. Two years later, when he came under notice, 
atrophy affected those parts of the face innervated by the two 
lower divisions of the fifth nerve. The skin, subcutaneous tissue, 
muscles, and bones were all atrophied, the muscles least. The 
lower jaw was thinner and shorter, and the upper distinctly 
atrophied on the left side. The teeth were well developed. 
Owing to atrophy of the turbinated bones, the left nostril was 
nider than the right. There was distinct atrophy of the left half 

* The account is taken from a note made when Prof. Purser showed the 
patient to his class in the University of Dublin, 
t Montreal Med. Journ, 
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of the tongue, more marked anteriorly. There was no affection 
of any of the special senses, nor any disturbance of deep or 
superficial sensation, nor was there any difference of tempera¬ 
ture between the two sides. 

(3) Mendel* has reported the results of a very thorough 
examination he made of the fifth nerve in a case of facial 
hemiatrophy, of many years’ standing, in a woman. This 
woman bad also atrophy in the region innervated by the left 
musculo-spiral nerve. She died from phthisis. Her case was 
first described by Eomberg and more recently by Virchow. The 
symptoms were those of a typical left facial hemiatrophy. 
Mendel found all the branches of the left fifth nerve, from their 
origin to their termination, the seat of a proliferating neuritis. 
A marked and similar difference was found in the size of the 
right and left descending roots of the fifth nerve, and also in the 
substantia ferruginea, the alleged nucleus of the so-called trophic 
root of the fifth nerve. This examination shows that, at least in 
some cases of facial hemiatrophy, we have to do with a neuritis 
of the fifth nerve. 

Such being the effects of trophic lesions in post-uterine life, 
we have now to consider what evidence there is for any similar 
affections occurring in the developing foetus. We know, unfor¬ 
tunately, so very little about the directing causes of development 
in the embryo, that all speculation of this nature must be some¬ 
what hazardous. I shall now detail such cases as I have met 
with, as seem to lend probability to such an action of the nerves 
during development as I am arguing for. 

(1) I have first to revert to the exceedingly interesting remarks 
made by Oakley Coles, in his chapter on the etiology of cleft- 
palate, to which I have already referred, but which must now be 
more particularly considered. “The frequent association,” he 
says, “ of cleft-palate with defective development of the brain 
has long been observed f, and various hypotheses have been put 
forward to explain the connection. Thus, in the early part of 
the century, Tiedemann J observed that in certain cases of cleft- 
palate the nerves of smell are wanting or imperfectly formed, and 

* Neurol. Central!)!., July 15, 1888. 

t Leuekart, ‘TTntersuch. iib, den Zwiselien Iuefer-Ifnocben des Menschen,* 
Stuttgart, 1840. 

{ Zeitscln*. f. Phys. Ed. i. S. 71. 
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he was therefore inclined to attribute the deformity in the palate 
to a deficient development of the framework of the olfactory organ 
consequent upon the nervous defect. This view, however, never 
met with any general acceptance, and M. J. "Weber (no mean 
authority on the subject) states * that he has never seen the olfac¬ 
tory nerves absent in any case of fissured palate. According to 
Dr. Engel, on the other hand, the deformity is due to increased 
breadth of the anterior portion of the head, caused by a variety 
of conditions of embryonic life, such as hernia cerebri, dropsy of 
the third ventricle or of the lateral cornua of the lateral 
ventricles, or excessive development of the anterior cerebral 
lobes. Or, in other words, to a purely mechanical disturbance 
of the relative position of the parts involved. But while ad¬ 
mitting the accuracy of Dr. Engel’s observations, it is impossible 
to accept his deductions from them. Eor cleft-palate is found 
to occur more frequently in connection with a microcephalic 
skull than under the conditions quoted by Dr. Engel; and thus his 
hypothesis, even if true, would only explain the causation of a 
limited proportion of cases. It is far more probable, however, 
that the relations between the two deformities, the cerebral and 
the palatal, is not one of causation, but one of concurrence, both 
being common effects of a grave vice in the developmental energy of 
the foetus. . . . All, perhaps, that we can safely say on the subject 
at present is that cleft-palate, hare-lip, and other similar anom¬ 
alies of development do frequently occur in conjunction with faulty 
development of the brain, whether bilateral or unilateral, hyper¬ 
trophic or atrophic; and it is quite possible that the two kinds of 
deformity maybe related to each other as cause and effect But 
the facts that hemicephalic and microcephalic infants are bom 
with perfect palates, while the subjects of palatal deformity are 
in many cases of high intellectual power, would appear to show 
that the two deformities are rather the combined effects of a 
common cause. 55 Again, after speaking of the perfect condition 
of the palates of ancient and modern uncivilized races, and com¬ 
paring their state with that of civilized races, he says We shall 

he led to the inevitable conclusion that the relation between a 
high state of civilization and a high proportion of palatal defor¬ 
mity is something more than a mere matter of coincidence; and 
the strength of such conclusion will not be lessened by the state- 


* EVoriep’s Notizen, Bel. six. No, 18, S. 282. 
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ments of Walfcher* * * § and Langenbeck f, both of whom maintain 
that the severer forms of cleft-palate have become more common 
within their own recollection. To draw more precise conclusions 
from considerations such as the above,” he proceeds, “ would be 
beyond the scope of the present article, bnt it may not perhaps 
be out of place to suggest that tlie difference between the con¬ 
ditions of civilized and uncivilized life is quite as much a matter 
of increased nervous strain as of changed physical environment; 
that the over-taxed nervous system, which in the parent manifested 
itself only by functional instability and subjective remonstrance, 
may, in the child, issue in objective defect and an actual refusal 
to complete its alloted task.” 

(2) Dr. Langdon Down has drawn attention to the occurrence 
of palatine abnormalities in congenital idiots. Out of two hun¬ 
dred cases observed eighty-two “ possessed palates inordinately 
arched, and with this increased arching were noticed various abnor¬ 
malities. In seven the palate-bones did not meet, leaving a sulcus 
between them, the mucous membrane being, however, continuous. 
There was no instance of the ordinary cleft-palate, and I may 
remark that in an examination of nearly six hundred idiots, I have 
failed in meeting with an example of that deformity. In several 
the hard palate extended but a short distance posteriorly from 
defect of the palatal process of the superior maxillary bone and 
entire absence of the palatal bone, and in all these cases the velum 
palati was unusually flaccid. In the majority of cases there was 
marked narrowness of the palate’ 5 $. 

(3) In describing cases of hereditary ataxia, or Friedreich’s 
disease, my colleague Dr. Suckling says that the association of 
the disease with other deformities is interesting. “ In the one 
family, one son was born with deformity of the foot, and a daugh¬ 
ter with only one upper limb. In the other family two con sms 
were horn bald. There is no doubt that the deficiency in the 
nervous tracts is a congenital one, and due to a fault in develop¬ 
ment ” §. 

(4) Beigel |j, in a paper on albinism and nigrism, gives it as 
his opinion that these conditions are due to nervous affections. 

* Graefe u. Walfcher’s Journal, Bd. xxi, S. 175. 

t Neue Bibliothek filr die Chirurgie, Bd. iv. Hft. 3, S. 492. 

f Mental Affections of Childhood and Youth, p. 159. 

§ Bepr. from Illustrated Med. News, 1890, 
j| Virch. Arch, xliii. 529. 
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(5) Stricter * gives tlie ease of a family where, amongst hair 
otherwise perfectly black, a white lock existed. This abnor¬ 
mality ran five generations, the first individual known to possess it 
having lived in 1720, and the case having been described in 1877. 
If Beigel’s view be correct, this may also have been due to a ner¬ 
vous defect. It is, indeed, difficult to know how else to account 
for it. 

(6) Mr. Lloyd Owen t lias described carefully a case where 
congenital nystagmus was transmitted through four generations. 
This condition appears to he due to some congenital defect of the 
nerve-centres. 

(7) Bland Sutton J gives the following case.—“ A woman in the 
fifth month of gestation fell downstairs on her abdomen. At the 
eighth month she was delivered of a child, the upper part of the 
body presenting the proportions of a foetus of corresponding date, 
but all parts below the navel agreed with those of an embryo of 
the fifth month of intra-uterine life. Dissection showed that the 
spinal column ended at the first 'lumbar vertebra, the remaining 
lumbar, sacral, and coccygeal elements being absent. The skin 
of the legs was exceedingly thin, and, on reflecting it, the bones 
were found to be thin and to present the characters of those of 
an embryo of the fifth month. All the other tissues of the legs, 
muscles, nerves, ligaments, &c., were represented by adipose 
tissue. In this instance it is probable that when the mother 
fell, she fractured the spine of the foetus ; the result was to cut 
off nervous influences from the legs, which in consequence retro¬ 
graded into fat.” He refers to other examples of this fatty 
degeneration subsequent to loss of nerve-influence §, and says that 
a there seems to be, as Otto || was the first to demonstrate, some 
intimate relation between absence of nerves and fatty degenera¬ 
tion ; and he points out that parasitic foetuses, which, as a rule, 
are devoid of nerves, always contain a very large quantity of fat 
in lieu of more important tissue-muscles and the like.’ 7 

(8) Burst IT narrates a ease where chronic hydrocephalus was 
accompanied by cessation of growth. 

* u Noch eine Familie von Haarmenschen,” Vircli, Arch, lxxiit 022. 

t Ophtbal. Bev. vol. i, p. 239. 

I Introduction to General Pathology/ p. 85. 

§ Med.-Chxr. Soc. Trans. Ixviii. p. 293. 

|| Compendium of Human and Comp. Path. Anat. (South's transi, 1831). 

% Yirch. Arch. xevi. 857. 
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(9) Gowers * lias described the condition of the brain in a case 
of congenital absence of one hand. The subject was a male, 
aged 40, who was born without a left hand. The forearm bones 
were well developed, but at the extremity there was only an 
irregular inass of bone consisting apparently of the two rows of 
carpal bones, very imperfectly developed and anehylosed together 
except at one point. In the brain there was a marked difference 
between the two ascending parietal convolutions. At their origin 
at the longitudinal fissure, for the first inch of their extent, they 
were nearly equal in size, and continued nearly equal for the 
upper inches. In the next (middle) two inches there was 
a very marked difference, the right being a narrow single convo¬ 
lution, and the left broad and depressed by a slight secondary 
sulcus. This occupies precisely the area, stimulation of which, 
according to the experiments of Terrier upon monkeys, causes 
movements of the opposite hand. It is, of course, impossible to 
say whether the hrain or the hand defect was the primary one. 
The following remark of the author, however, renders it possible 
that the former may have been the cause:—“ I am not aware 
that the brain has been examined in any similar case. In several 
instances, in cases of old amputations of the arm, an atrophy lias 
been found, but it has been slight, and has not been uniformly 
localised.” 

These facts, I think, render it probable that the nervous 
system exercises more influence upon the course of deve¬ 
lopment than has been hitherto attributed to it. It is true that, 
on the opposite side, it may be urged that anencephalous foetuses 
are fairly w r ell developed and are yet without brain. To this it 
may be replied—1st, that the development is more apparent than 
real, since the bodies of such foetuses are always overloaded with 
fat, a condition which, as we have seen, follows upon loss of nerve 
influence; and 2nd, that we do not know the date at which the 
disease occurs which causes the defect. Certainly it is later than 
the period at which the eyes are fully formed. It may be that 
the disease does not occur until after development has proceeded 
sufficiently far to proceed with the remnants of nerve system which 
exist. It must not be forgotten that these forms sometimes live 
and breathe for a short time, showing the existence of some im¬ 
portant parts of the nervous system. 

As regards the kinds of malformations most likely to follow 


* 5 Brain,’ Oct. 1878. 
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upon a loss o£ nervous influence, it appears to me that many of 
the clefts can best be accounted fox' in this way. I. or example, it 
is a little difficult to see how a branchial fistula can depend upon 
a lack of material, since the aperture at the time of failure to 
close must he excessively small. On the other hand, it is not 
difficult to see how a failure of power to close, due to a want of 
nerve influence, may cause the persistence of the cleft. A similar 
explanation may be offered for some of the forms of cleft-palate 
where there is no apparent lack of material. The co-existenee of 
several malformations in the same region seems to point to some 
common cause, which is niost probably to be sought for in the 
nervous system. Such grouped malformations occur most often 
in the face in connection with ears, eyes, and palate. It is sug¬ 
gestive to observe that these are in the region of supply of the 
trigeminus nerve, and that, as Anstie* observes,“ the nervous 
centre in which the trigeminus is implanted is, of all nervous 
centres, the one which in the human subject is most liable to con¬ 
genital imperfection of the kind which necessitates a break-down 
in its governing functions at special crises in the development of 
the organism. 5 ’ 

Here at present I must leave the subject of the connection of 
nerve influence and congenital lesions; at a later part of this paper 
I shall recur to it in relation to the origin and development of a 
malformation. 

Part 2.—Affections due to Excessive and Irregular 
Eerve-impulse and Muscular Co attract ions. 

It is, of course, a well-knownfact that the child after a certain 
period of intra-uterine existence is capable of making a consider¬ 
able amount of use of its muscles, and, moreover, that the amount 
of movement varies in different children. Many have held that 
an excess of this movement, exercised with irregularity, is the 
cause of various malformations. Talipes is that which has been 
most commonly attributed to its influence ; thus Lowne f groups 
the various forms of that defect under the heading of “Distor¬ 
tion from irregular muscular contraction. 55 These malformations, 
he says, “ are probably due to some form of cerebrospinal irrita¬ 
tion or defect. 55 Again, speaking especially of the various forms 
* Lancet, 1866, i. p. 654. 

t Teratological Catalogue of Roy, Coll, of Surgeons of England. 
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of talipes, he says, “The question of their origin from irregular 
muscular contraction is still an open one ; hue the arguments in 
favour of this view are exceedingly strong.” Messrs. Parker and 
Shattock, as has before been mentioned, take a different view as 
to the etiology of the condition. In their specimen it is true 
that a microscopical examination revealed no lesion in the central 
nervous system; at the same time it is a matter for argument 
whether this is proof positive that no nervous influence was con¬ 
cerned in the production of the condition. It seems to me at 
least possible that some temporary stimulus, say of a chemical 
nature, might set up irregular contractions in the muscles, without 
any changes resulting in the nervous system. We know that 
drugs administered to the mother can affect the foetus, and the 
same may be true of other chemical stimuli of which we may know 
little or nothing. If this be true, the resulting lesions would be 
somatogenic in their nature; but we are at present in ignorance 
as to whether, in the first place, all lesions which are attributed 
to this cause are really due to it, or whether some of them may 
not follow upon a lack of material, as seems probable, in which 
case they would be blastogenic in their nature. And, secondly, 
supposing that these lesions owe their origin to more than one 
cause, we have no method, at present, of distinguishing between 
the two or more classes. Here, as in many other instances, it is 
much to be hoped that teratological workers will direct, in the 
future, more attention to the causation of malformations, so that 
these and other cognate problems may be cleared up. 


Section Y.— Hereditary Disease. 

The subject of hereditary disease is one which should not be 
neglected in an inquiry of this kind. I purpose, therefore, 
devoting a few lines to this subject in its connection with the 
present topic. 

The greatest confusion has been introduced into the contro¬ 
versy on acquired characters by some who have mixed np the 
various kinds of hereditary diseases, which fail into classes of 
the most divergent nature, with one another and with hereditary 
variations and malformations. It will, then, be advisable to state 
what are the groups of hereditary diseases considered in relation 
to the present inquiry. 
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(1) Tliere are diseases due to a specific infection, probably 
always bacterial in its nature. Small-pox and other similar 
diseases, with which the foetus may be infected by the mother, 
are of this kind. The commonest and best example is, however, 
that of syphilis, which may be communicated to the embryo by 
its mother, or to the embryo by the father, and by the embryo, 
in turn, to its previously uninfected mother. Diseases of this 
kind have no bearing whatsoever upon the present question, 
though it is sometimes imagined that they have. 

(2) There are conditions of the embryo induced by the presence 
of a poison, not bacterial in its nature, which may be present in 
the parental organism at the time of impregnation. To this 
group may possibly be assigned the cases of early intra-uterine 
death or congenital feebleness of the embryo, which, as has been 
already stated, are caused by lead-poisoning in the male parent. 
Those cases, also, where feebleness of mind or body in the child 
seems to be the result of chronic alcoholism in the parent or 
parents. In connection with this subject I cannot refrain from 
mentioning the remarkable statements of Dr. Langdon Down* 
as to the effects of intoxication in the parents on the offspring. 
The ease which he gives is that of a child (female) aged five years, 
without any deformity, but only 22 inches in height, and unable 
to speak. The first child of the family was healthy. Prior to 
the procreation of the second the father took to drink, the 
offspring dying at the age of three years, and during its life 
resembling that described above. The third was the child first 
mentioned; and the father was drunk when he procreated it. 
The fourth was a miscarriage. At this period the father became 
again a sober man, and his wife had subsequently five perfectly 
normal children. The above case, the author says, is of great 
interest, because it adds another to a group of cases which have 
come under his observation, of arrested development arising from 
the intoxication of one or both of the progenitors at the time of 
the procreative act. The whole group of cases has presented 
features of such close resemblance that it is difficult to avoid the 
conclusion that there was some unity of cause, and careful in¬ 
vestigation has elicited facts bearing on the etiology of these eases 
having a close parallelism to the circumstances which he believes 
to have been potential in this. He has known some of these 


* Trans. Path. Soc, sx 419, 
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cases to attain the age of twenty, while still preserving infantile 
characteristics. If these deductions be true, it certainly would 
seem as if the soma was capable of exercising a greater influence 
upon the germ-plasm and its development than some writers are 
prepared to admit. 

(3) There are the diseases commonly called hereditary, such as 
gout, rheumatism, phthisis, and haemophilia. These require a little 
consideration. The first two are due to some fault in the chemical 
processes in the body, and at first sight seem to have little to do 
with the subject of congenital malformations. I believe, however, 
that this is more apparent than real, and that, as a matter of fact, 
they are more closely allied than on the surface appears to be the 
case. It is true that it is the chemical process which is at fault, 
but the primary flaw must surely be in the laboratory in which 
they take place. To say that we do not know the physical ex- 
planation of the failure, is no more than to say that we have not 
yet penetrated all the mysteries of human pathology. In the 
hereditary cases it would seem that the parent transmits to the 
offspring a flaw or weakness in the chemical apparatus, which 
under strain leads to its subsequent breakdown and the appear¬ 
ance of the characteristic disease. Such a flaw or weakness may 
surely with correctness be called an hereditary malformation. 
Again, as regards phthisis, the tubercular bacillus is only one 
factor in 'the disease : there must also be a suitable nidus or soil 
for it to take root in ; the condition of tissue, whether intestinal, 
pulmonary, or otherwise, which provides this suitable soil is 
often hereditary, and may fairly be looked upon as an hereditary 
malformation. As regards haemophilia, there can be little diffi¬ 
culty in seeing that the hereditary malformation consists in 
some faulty construction in the walls of the blood-vessels, which 
prevents them from behaving in the normal manner when cut 
or torn. As regards cancer and its heredity, since we are quite 
ignorant as to the cause of that complaint, it is useless trying 
to form any theory to account for its transmission. In the next 
and concluding section, I shall have to discuss the bearing of 
these facts upon the question involved in this paper. 
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Section VI.—Conclusion. 

I have at various points in this paper had to allude to the 
unfortunate gaps in our teraiological knowledge, which make 
the drawing of indisputable conclusions so very hazardous. I 
shall therefore content myself with briefly indicating those points 
winch have chiefly struck me in working at the subject. Even if 
the deductions be inaccurate, the facts and words of others collected 
in this paper may render it of some service to others working at 
the same subject, and probably especially so to those who are 
not members of the medical profession, and who are therefore 
perhaps less conversant with its literature than those who, like 
myself, are in the constant habit of referring to it. I will now 
mention the points to which I have above alluded. 

(1) It is an interesting point that those malformations whose 
bkstogenic nature is least in doubt are, speaking generally, those 
also whose hereditary nature is most distinct. I would refer, as 
an example, to polydactyly. 

(2) Again, it is interesting that those malformations winch 
are undoubtedly somatogenic are, so far as I know, non-heredilary. 
I allude to the abnormalities described in Section II. 'Fart 3, 
but the remark just made must be taken with the limitation that 
so many of these forms are still-born or survive but a brief 
period. It might be thought that a further limitation should be 
made on account of the difficulty that gravely deformed persons 
might find in getting married; but this is, I think, an unnecessary 
limitation. The study of teratolugical literature almost seems to 
teach one that any person of either sex can get married if they 
desire it. Let me give an example from both sexes. Butcher * 
has figured a woman and her child both affected with the most 
aggravated form of double hare-dip and cleft-palate, than which 
scarcely anything can lend a more horrible appearance to the face. 
Butcher operated upon both at the same time and remedied the 
defects to a large extent. On the other side, I knew of a man 
cpiite destitute of both upper and lower extremities, who was not 
only married but the progenitor of a well-formed and handsome 
progeny. X do not know the cause of the defect in his case. 

(8) It must be admitted that besides tbe cases which have been 
alluded to in tbe above two sectious, there remain still a number 
of others as to which no definite conclusion can be, at present, 

* Dubl. Journ. of Med Sci. lxiii. 426 . 
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arrived at. These have been already sufficiently indicated in the 
earlier sections of this paper, and need not, therefore, be now 
further specified. Much more extended observations will be 
required in most of these cases before it will be possible to settle 
the question as to their nature. 

(4) There are certain malformations which suggest the possi¬ 
bility that they may have been gradually acquired and subsequently 
transmitted to descendants. Some of these may now be briefly 
mentioned. The question of hereditary myopia and hypermetropia 
is one which Weismann has considered in his essay “On Here¬ 
dity He there states :—“Those fluctuations on either side of 
the average which we call hypermetropia and myopia, occur in 
the same manner, and are due to the same causes, as those which 
operate in producing degeneration in the eyes of cave-dwelling 
animals. If, therefore, we not unfrequently meet with families 
in which myopia is hereditary, such results may be attributed to 
the transmission of an accidental disposition on the part of the 
germ, instead of to the transmission of acquired short-sightedness. 
A very large proportion of short-sighted people do not owe their 
affliction to inheritance at all, hut have acquired it for themselves; 
for there is no doubt that a normal eye may be rendered myopic 
in the course of a lifetime by continually looking at objects from, 
a very short distance, even when no hereditary predisposition 
towards the disease can be shown to exist. Such a change would 
of course appear more readily if there was also a corresponding 
predisposition on the part of the eye. But I should not explain 
this widely-spread predisposition towards myopia as due to the 
transmission of acquired short-sightedness, but to the greater 
variability of the eye, which necessarily results from the cessation 
of the controlling influence of natural selection,’ 5 I have already 
mentioned that Mr. Priestley Smith has stated that there is a 
supposed correlation between the growth of the brain and the 
growth of the eye, by reason of which a high degree of cerebral 
development is apt to be associated with an over-development of 
the eye. If this be so, apparently the brain condition is the 
primary factor, at least in a certain number of cases. But the 
brain condition may be due to variations, in the germ itself and, 
therefore, blastogenic in nature, and the inheritance of the defect 
might follow without any necessity for an appeal to the heredity 

* English ed. (Ponlton). p. 89. 
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of an acquired defect to account for it. But it is a question 
whether an explanation such as this can be held to account for 
all the cases of hereditary myopia. In his essay, however, 
*' s On the Supposed Botanical Proofs of the Transmission of 
Acquired Characters 55 the author seems to admit a modi- 
ideation of his views as first expressed, which are of great im¬ 
portance in connection with the question of the inheritance of 
the group of defects at present under consideration. Dr. Mivart 
in reviewing these essays t makes the following comment on this 
modification :—“ Although these last two essays are intended to 
show that acquired characters cannot be inherited, they yet seem 
to us to show that to a certain extent, and in a certain sense, they 
may be inherited. We have no desire to contend that they are 
heritable to any large extent, and we have always affirmed that 
mutilations can at the most be very rarely inherited, and long 
ago referred to obvious proofs that so it must he J. But Pro¬ 
fessor Weismann here certainly makes some admissions with 
respect to the cumulative effect of a changed environment on the 
germ-plasm of organisms, which contradict his previous assertions 
that only unicellular creatures can be thus modified. But if such 
a cumulative effect does exist, then, if sufficient time be allowed 
(and Darwinians are prodigal of time), a modified Lamarckism 
reappears!It is possible that in the direction thus indicated 
an explanation may yet be found for some of these conditions. 
But the whole subject, so far as the eye-defects are concerned, 
wants working out thoroughly by practical ophthalmologists. 

(5) There are certain points which should be noted, since they 
seem to indicate the gradual rise and development of a malforma¬ 
tion, I will mention two examples. The first is that of the pre¬ 
cursory conditions, so to speak, of cleft-palate and hare-lip which 
were mentioned when that subject was under consideration ; these 
are of great interest. Again, in connection with the same subject, 
it should be mentioned that Lucas § has published observations 
which lead him to conclude that an absence of incisors in a parent 
is premonitory of cleft-palate or bare-lip in the children, and 
he has given several cases in support of this theory. T am bound 
to say that my colleague Mr. Humphreys and myself, when working 

* lb. p. 413. t Dub, EevieWj 1889, p, 269. 

X Genesis of Species, 2nd ed. p. 242. 
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at the subjects of increase and diminution of the incisors % did 
not meet with any cases which bore out this theory; but this, of 
course, does not prove that in certain cases it may not be true. If 
so, it strengthens the argument in favour of precursory conditions 
for some cases of palatal and labial defect. The second example 
is quoted by Page f from Boehm i. A. woman had c{ beautiful 
blue eyes, delicate white skin, and, what is especially characteristic 
of a tendency to albinism, colourless eyebrows and eyelashes.’ 5 
Her daughter had white eyebrows, lashes, and skin, and great 
irritability to light, whilst the grand-daughter had internal 
strabismus and nystagmus, and hair “ originally as white as well- 
bleached linen. 5 ’ Some other cases of a cumulative nature are 
given in my previous paper. It seems to me possible that these 
cases are due to an original flaw in the nervous system. Whether 
this flaw is due to a failure of development consequent upon 
conditions inherent in the germ, or upon the slow effect of some 
condition connected with the environment acting upon several 
generations, as was suggested by Coles when writing about cleft- 
palate, and as Weismann seems to hint may be the case in the 
essay referred to above, must at present and for a long time 
remain an open question. But in either case the nervous defect 
would precede the more obvious one, and may in an earlier gene¬ 
ration exhibit its effects in a manner perhaps never recognized, 
by slight trophic disturbances and the like. Descending further 
and gathering force as it descends, under favourable circumstances, 
the conditions met with, at times, in the parents of children with 
cleft-palate or whatever the defect may be will be reached, and 
in the next generation or in one closely succeeding the full defect- 
may appear, the precursory conditions having been quite un¬ 
noticed. I do not wish it to be understood that I am arguing 
either that all malformations have a nervous origin or that the 
chain of events which I have suggested, or one of a similar nature, 
occurs in all cases; what I desire to point out is that in some 
cases, and perhaps in more than at present we have any idea of, such 
precursory conditions may be capable, by diligent inquiry, of 
demonstration. In these facts we' also may, I think, find a clue 
to the real significance of the much-abused word “tendency.” 

This word, and especially in its relation to the so-called here- 

* Joiirn. of Anat. and Pliys. vol. xxi. p. 84. t * Lancet,’ Aug. 8,1874. 
f Der Nystagmus und dessen Heilung. 
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ditary diseases, means that there is at present in the subject a 
minor condition of the nature of a congenital malformation. It 
is possible that under tbe most favourable conditions of life for 
the given defect it may never lead to a breakdown or become 
apparent, whilst under other and less favourable circumstances 
the weak point may give way and the defect become obvious. 
Sucli an explanation as this might be without hesitation accepted 
as accounting for the varieties of eye-defects recently referred to; 
and I believe that further investigation will show, as far as 
demonstration is possible, that the same line of argument may 
be used, not only with regard to the remaining diseases of the 
hereditary group described as (8) in Section V., but also to some 
at least of the congenital and hereditary malformations as well. 


A Revision of the Forfimlida. with Descriptions of Rew Species 
in the British Museum. By W. E. Ejjjby, F.L.S., F.R.S., 
of the British Museum (Natural History). 

[Bead 19th June, 1890.] 

(Plait, XII.) 

The Forficulidas, or Earwigs, have hitherto attracted less atten¬ 
tion from Entomologists than any other group of Orthoptera. 
There are but few papers of any importance on the group ; those 
by Dohrnin the s Stettiner entomologisehe Zeitung’ (vols. 24-20, 
18G3--1SG5), which include a descriptive synopsis, and Scudder’s 
Catalogue of all the described species, in vol. 18 of the ‘Proceedings 
of the Boston Society of Natural History ’ (1877), being the most 
useful. Since then several species have been described by l)e 
Bormans, Karsch, and others in various foreign periodicals. 

Having lately rearranged this group in the British Museum, I 
judged that it would give a useful impetus to its study to publish 
a revised synopsis of the genera on the lines already indicated by 
Dohrn and Be Bormans, and to describe as many new species as 
were before me in sufficiently good condition. Several of these 
were ticketed with MS. names by Prof. Westwood, which I have 
usually adopted. 

One great drawback in tbe study of the Eorflculid© is deficiency 
of material. They are usually received in very small numbers 
and rarely in' quite' perfect condition, the antennae, which are 
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extremely important for their classification, being almost always 
more or less broken. In many cases the sexes differ consider¬ 
ably, especially in the shape of the forceps. This' usually varies 
considerably in the sexes, as well as in different individuals of 
the same sex, and yet there seems reason to believe that it will 
ultimately prove to he an important generic character. But for 
this purpose much larger series of specimens of both sexes and 
in different stages of development are required ; and therefore I 
have refrained for the present from creating a multiplicity of 
new genera, though the mass of species included by Dohrn in 
Fo)field a is greatly in need of subdivision. 

I consider the best method of measuring these insects to be 
from the point of the head to the end of the forceps, and also 
from the base of tbe last dorsal segment to tbe end of the forceps. 

The number of species at present known is 848, including 89 
described as new in the present paper, but exclusive of one or 
two doubtful larval (?) forms, perhaps not strictly belonging to 
the Forficnlidae ( Condylopalama , Sund., and Typlilolabia , Scudd., 
the latter of which probably = Iapyx (Thymmmt). 

Tbe genus Fyragra , Serv., which is imperfectly known at 
present, is likewise excluded from the Table. It is a Soutli- 
Ameriean genus, probably allied to Labidum , and may be dis¬ 
tinguished from Demogorgon by the presence of well-developed 
wings. (A few species, doubtfully referred to various genera in 
the following pages, may not always fully conform to the cha¬ 
racters given in the Table.) 

Genus I. Apachius, Serv. 

Serv . Ann. Sci. Wat. xxii. p. 85 (1831). 

Apaehva, Serv. Orth . p. 54 (1889); Dohrn , Steit. ent. Zeit. 
xxiv.p. 42 (1868). 

Type, Forficula depressa, Beauv., from W. Africa. 

Not represented in the Museum Collection. 

Genus II. Tagaltka, Dohrn. 

Dohrn , Stett ent. Zeit. xxiv. p. 44 (1868). 

Type, T. grandiventris , Blanch., from the Solomon Islands. 

There is one immature and imperfect specimen from Dinner 
Island, in the Museum Collection; probably a new species, but 
it would be useless to describe it. 
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Genus III. Pygtdiceana, Serv, 

Serv, Ann . Set, Wat. xxii. p. 30 (1831); Orth p. 19 (1839) ; 

Dohm , St eft. ent. Zeit . xxiv. p. 46 (1863). 

Type, P. v.-nifjrum , Serv., from Brazil. 

PraiBicBAWA Hobsfieldi, sp. n. (P3. XII. figs. 11, 11«.) 

Long. corp. 21 milliin.; segm. term, cum forcip. 6 millirn. 

Jlibfe. Blacldsh-brown ; antenna) upwards of 22-jointed; cly- 
peus, except at base, lower mouth-parts, and legs rufo-testaceous ; 
lateral borders of pronotum and wings straw-coloured ; tcgmina 
and forceps inclining to chestnut; terminal segment of abdomen 
very large, fully as large as the four penultimate segments 
together; forceps about as long as the terminal segment, simple, 
pointed, and strongly upcurved at the extremity. 

Hah Java (. Horsfield '). 

Allied to P. pallidipennis , Be Haan, but much smaller and 
darker. 

PXGXBICEAHA STAPHYLINOIBES, Wall'. 

Olyntha staphyliuoides, Walk. List Wear. Ins. JB. M, iii. 
p. 582, n. 3 (1853). 

Described by Walker from a headless and tailless fragment; 
but a second specimen, likewise in poor condition and immature, 
shows it to be a PyyitUcranct, which may be briefly described as 
follows :— 

Female. Long. corp. 14 millim.; segnx. ult, cum forcip, 
54 milliin. 

Head above dull black ; mouth-parts and under surface brown ; 
antenna) brown; scape nearly black above, paler below; pronotum 
testaceous, with a wide brown band on each side; tcgmina bro wn, 
seufellum and suture probably pale; legs testaceous; femora, 
marbled with brown above; abdomen black, very hairy, with, 
a pale longitudinal band covering the middle five segments on 
the upper side; forceps red, contiguous, unarmed. 

Hah Santarem. 

This insect cannot be the immature form of any known 
American species, for in all these the scape of the antenna* is paler 
than the flagellum. 1 should not have described it from so poor 
a specimen, had it not been already on our lists under the name 
of Olyntha $iaphyUnoide$> as the supposed larva of a Heuropterous 
insect. ^ 
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Genus IV. Thermastris, Dohrn . 

Dohrn , ent. Zeit. xxiv. p. 61 (1863); Scudd. 

Bull. If. 8. Geol . ii. p. 249 (1876). 

Type, Forficula brctsiliensk , Gray. 

1 do not understood why Dohrn places this genus among those 
with the scutellum concealed. In the three species before me 
(5. b'cmliemis , Gray, Saussurei , Dohrn, and 51 chontaUa , 

Scudd.) the exposed scutellum is as large as in Pggidicrana. It 
is true that the scutellum is concealed in Serville’s figure of his 
Pgragm fuscata ; but I cannot follow Be Bormans in placing 
Thermastris as a synonym of Pgragra . 

Genus V. Ctlindrogaster, 

/8rZ, q/h. Veb-AJead. Forh. xii. p. 350 (1855). 

Type, Cl gracilis , Stal, from Bio Janeiro. 

In this curious little genus I have two species to describe, one 
Eastern and one Western. 

Oylindrogaster nxgriceps, sp. n. 

Long. corp. 11 millim.; segm. ult. cum forcip. 3 milliin. 

Head deep black, a groove within each eye, running to the 
occiput; clypeus black, shining; labrum transverse, pale yellow, 
as are also the palpi; neck yellow; antennae 19-jointed, chocolate- 
brown, scape black ; prouotum half as long again ns broad, black, 
with the hind border broadly pale yellow, this colour curving up 
the sides nearly to the broadest part of the pronotum ; scutellum 
reddish brown, with a yellow dot at the extremity; tegmina 
reddish brown, the costa rather broadly black; visible part of 
the wings yellow, with a large dusky spot before the extremity ; 
abdomen reddish brown, terminal segment black and shining, 
forceps reddish towards the extremity ; legs yellow ; femora and 
tibiae broadly black in the middle. 

Hah. Hong Kong. 

Cylindrogastee Jansoni, sp. n. 

Long. corp. 10 millim.; segm. ult. cum forcip. 3 millim. 

Male, Head shining black, a strong lateral ridge behind the 
eyes, and extending at nearly right angles across the occiput; 
palpi tawny; antennae with the scape black,' and the flagellum 
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tawny, gradually darkening, and clothed -with very short hairs ; 
joint 2 transverse, joints 8 and 5 about twice as long as broad, 
joint 4 shorter and joint 6 longer; joints 8-6 are pear-shaped, 
though 4 is rather truncated at the base; joints 7-12 are longer, 
more slender, and linear, but slightly rounded at each end; the 
rest are wanting; pronotum and base of tegmina luteous, tbe sides 
and back of the pronotnm paler, rounded, and raised; legs luteous, 
knees broadly black; tegmina black, except at base, with a few 
long white bristles near the edges; wings whitish, tipped with 
black, on the black portion stand several long white bristles; 
abdomen reddish, the segments well separated; forceps very stout, 
contiguous, triquetral, regularly denticulated and hairy on the 
inner edge, slightly raised towards the tips ; the extreme points 
are turned inwards almost at a right angle. 

Sab . Chontales, Nicaragua. 

Genus VI. Diplatys, Senx 

Serv. Ann . Sri, Sat. xxii. p. 50 (1831); Orth. p. 50 (1839). 

Type, Forftcula maerocephala , Beauv., from Benin. 

Unrepresented in the British Museum collection. 

Genus VII. Faffoptg-ia, Dohrn. 

Dohm, Stett ent. Zeit. xxiv. p. 60 (1868). 

Type, S. Gerstaeohen , Dohrn, from Ceylon. 

Naffopygia Dohrfi, sp. n. 

Long. eorp. 10 millira.; segm. ult. cum foreip>, 2-] millim. 

Female . Blackish or dark brown, very shining; tegmina pur¬ 
plish, seutellum distinct, abdomen reddish, wings not visible; 
antennae at least 18-jointed, brown, joints 1-3 yellowish, and 18 
and extremity of 12 whitish ; legs testaceous, femora ringed with 
black; abdomen punctured, segments 2 and 8 with small lateral 
tubercles, terminal segment large, quadrate; forceps broad, eul- 
trifonn, snbeoniiguous, denticulated on the inner edge, and 
rather abruptly hooked at the tip. 

Sab. Ceylon. 

Genus VIII. Echifosoma, Serv. 

Serv. Orth, p. 84 (1889); I)ohm, Stett, ent . Zeit, 
xxiv. p. 63 (1863). 

Type, Forficula afra , Beauv., from S. Africa. 

Includes several other African and Oriental species. 
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Echinosqma Eobbesi, sp. n. (Plate XII. fig. 9.) 

Long*, corp. 11-14 millim. 

Black, setose, moderately broad. Head with a crescent-shaped 
depressed line on the vertex behind the eyes; labrum and 
palpi pale yellow. Antennm with upwards of 25 joints (appa¬ 
rently not quite complete), first two joints pale yellow, the rest 
chocolate-brown; scape dilated, 1-J- times longer than broad, 3rd 
joint slender, at least twice as long as broad, joints 2, 4, 5, 6, 7 
about as long as broad, the rest rather longer; pronotum rather 
variable, median line generally pale, a pale spot on the lateral 
margins, between which aud the median line is often a smaller 
and yellower one, towards the extremity; tegmina with 2 tawny 
or yellowish dashes near the base, on each side, one near the 
suture and another on the side ; exposed part of the wings pale 
yellow, but the greater part filled up, except at the base and at 
the extreme margins, by a large black blotch, longest near the 
suture; abdomen with the segments narrowly edged behind with 
a red line, from which 6 short, straight, red dashes project; 
forceps dull reel; legs pale yellow, the femora, except at the tips, 
and a wide band at the base of the tibiae, black. 

Sab. Dinner Island (II. 0. Forbes). 

Described from four females and one male. The male is 
greyer, more strongly punctured, and rather more obscurely 
marked, and the forceps are curved instead of straight; other¬ 
wise there is but little difference in the sexes. 

Allied to E. yorkense , Dohrn, and to E. sumatramm , De 
Haan. 


Genus IX. Pybagkea, Serv. 

Sen k Ann. SeL Nat. xxii. p. 81 (1881) ; Orth. p. 82 (1889). 

Type, F.fmcata , Serv., from Cayenne. 

This genus has some resemblance to Thermastris , with which 
De Bormans unites it; but seems to differ by its more slender 
form and concealed scutellum. It is perhaps more nearly related 
to Labidnra . It is unknown to me except from Serville’s 
description and figure of the type. 
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Genus X. Labidura, Leach. 

Leach , JEdinb. Emycl. ix. p. 118 (1815); JDohrn, Siett. mi. 
Zeit. xxiv. p. 809 (1863) ; Scudcl. Bull . U. S. Geol. tiurv. ii. 
p. 250 (1876). 

Type, Forficula riparia , Pall. ( qigantea , Fabr.). 

Porficesila, Serv. Ann- Sci . xxii. p. 32 (1831) ; O'/Y/o 
p. 21 (1839). 

Laeidcba rip aria, Fall. 

Porfieula rip aria, Pall. II else, ii. Anhang , p, 30 (1778). 

Jf«&. Cosmopolitan. 

I believe that the description of the unrecognized Forjlcwla 
hereiileana, Fabt\, from St. Helena, was probably taken from a 
dark or discoloured specimen of this insect, which is said to 
attain to a very large size in the island mentioned. 

Labidura(P) pxjg-xax, sp. n. (Plate XII. fig. 1.) 

6 . Long. eorp. 42 millim.; segm. ult. enm forcip. 20 millim. 

5 . Long. corp. 25 millim.; segm. ult. cum forcip. 9 millim. 

Male. Black, clothed with a fine greyish silky pubescence; 
antennae, elypeus, palpi, head and thorax beneath, sides and 
hind borders of pronotuin, sutural and marginal edges of tegmina 
(very narrowly), and those of the exposed part of the wings 
(narrowly) reddish; legs uniformly testaceous. Abdomen finely 
granulated, segments 2-5 with very strong lateral spines, basal 
segment with smaller ones, hinder edges of segments 3-5 milled 
above only, terminal segment smooth, much depressed in the 
middle; forceps very large, smooth, very slightly dentated on the 
inner sides, a triangular elevation at the base of the upper carina, 
a strong tooth on the inside at about one fourth of the length 
of the forceps, which are wide apart at the base, and run 
slightly curving outwards for two-thirds of their length, when 
they suddenly curve inwards and almost meet in an obtuse projec¬ 
tion, thence they run nearly straight, but slightly converging to 
the hooked tips, which cross. 

Female similar, but the abdomen is neither spiny nor milled, 
and the forceps simply curve outwards and then inwards, in a 
weaker hook than in the male ; they are more strongly and 
thickly denticulated on the inner edge than in the male, and at 
about three-fourths of their length there is a small tooth pointing 
obliquely downwards. 

Sab. North India. 
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There are several Indian species of spiny Earwigs which should, 
no doubt, form a distinct genus; but the only specimens before 
me are the somewhat defective pair from which the above de¬ 
scription has been drawn up. The remaining joints of the 
antennas are longer than in typical Labidura . 

Labidura (?) decipiexs, sp. n. 

Long, corp, 11 millim.; segm. ult, cum forcip. 5-1 millim. 

Male . Eufo-testaceous ; antennae at least 22-joint ed. the end of 
the scape and all the joints beyond the third brown; joint 2 
transverse, 8 fully twice as long as broad, linear, 4 oval, only 
half as long again as broad, 5 and 0 successively longer, 
8 and 5 being about equally long, the remainder linear, very 
long; head with the vertex red and the mouth-parts pale; 
pronotum nearly twice as long as broad, dull pale testaceous on 
the sides and behind, the hinder part dusky in the middle, 
forming the commencement of a blackish band on the suture of 
the tegmina and wings, which are straw-coloured, bordered 
outside with blackish ; tegmina only about twice as long as the 
pronotum, and wings about half as long; legs testaceous, femora 
shading into pale red; abdomen dull red, strongly punctured, 
2nd segment with conspicuous lateral tubercles; terminal seg¬ 
ment with 4 rather conspicuous teeth at the extremity in the 
middle, and smaller ones on the sides; pygidium broad, but not 
conspicuous; forceps rather wide apart at the base, gradually 
incurved and meeting at the tips, a strong black-tipped tooth 
about the middle, and another at three-fourths of the length of 
the forceps; before the first is a row of small teeth, one near the 
base, three near the middle tooth, and several between, coalescing 
into a ridge. 

Sab. Assam. 

This curious species will form a new genus when it is better 
known. Although best placed with Labidura for the present, 
it has a striking resemblance to SpMngolabh africam , Doling 
8. sutumlw , Serv., &e. Lateral tubercles do not occur in typical 
Labidura. 

Labidura granulosa, sp. n. 

Long. corp. 82 millim.; segm. ult. cum forcip. 14 millim. 

Male. Dark reddish brown, granulated, the head very finely, the 
pronotum, tegmina, wings, and abdomen more coarsely ; head, 
wings, and abdomen inclining to reddish ; antennae (of which 20 
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joints remain) brown above, inclining to testaceous at the base 
and beneath * legs testaceous; pronotum black, the lateral 
margins testaceous; tegmina nearly black, the suture with a 
rusty-red hand; wings and abdomen darker reddish brown, the 
two penultimate segments of the latter nearly black; terminal 
segment very large, gradually hut distinctly widening from the 
base to the extremity, depressed in the middle, with no terminal 
spines, but with a small prominence on each side at the base of 
the forceps; pygidium rather more prominent than in L. riparia , 
and cut off square at the extremity ; forceps rather stout, 
especially at the base, shaped nearly as in L. riparia; a small 
tooth on the lower earina at one-third of the length of the forceps, 
and a larger one on the inner curve at two-thirds. 

Sal, Philippines. 

Allied to Jj. riparia , but a very large dark species, with the 
terminal segment of the abdomen differently constructed. 

Labijdura pltjtialis, sp. 11. 

Long. corp. 27 millim.; segm. ult. cum foreip. 11 millim. 

Male, Elack, the antenna?, month-parts, under surface of the 
head, pectus, sides of the abdomen, and legs testaceous or tawny; 
sides of pronotum and of tegmina, suture of the latter and 
terminal segment of abdomen, including forceps, reddish; a black 
dash on the sides of the pronotum below the pale lateral ridge; 
abdomen thickly and finely punctured, more coarsely below than 
above, terminal segment with a slight hump on each side above 
the base of the forceps, and a depression on the median lino 
followed by one projecting tooth in the middle; forceps rather 
stout, smooth, with a small tooth projecting obliquely downwards 
at three-fourths of their length, and the tips, which shade into 
blackish, are up curved, 

Hah Eaine Island, 

Allied to L, riparia , Pali,, but the tegmina are more rounded 
at the tips, the wings are absent or concealed, and the abdomen 
ends in one middle spine instead of two. 

Labiduba (?) Clabki, sp. n. 

Long. corp. 20 millim.; segm. ult. cum foreip. 7 millim. 

Female. Head smooth, red; mouth-parts, antenna?, and legs 
pale yellow; antennae 20-jointed, sparingly clothed with short 
erect hairs, the space widened, joint 2 transverse, joint 3 twice as 
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long as broad, joints 4-6 hardly longer than broad, but those 
beyond the 4th gradually lengthening and growing rather more 
slender; the joints towards the tip about 4 times as long as 
broad, and the last joint half as long again as any of the pre¬ 
ceding. Pronotuin blackish, the raised margins and a central line 
ferruginous. Tegmina coriaceous, the suture ferruginous, and the 
outer edge yellowish ; exposed portion of wings one-third as long 
as the tegmina, coarsely reticulated, dark brown, slightly bordered 
with yellowish; seutellum slightly exposed. Abdomen reddish 
brown, paler beneath and on the sides; last joint rather short, 
with a slight protuberance on each side above the base of the 
forceps, which are long, blackish, slightly varied with reddish, 
nearly straight, unarmed, and slightly upturned and incurved at 
the extremity. 

Sab. Eio Janeiro (collected by the late Bev. Hamlet Clark). 

Labidura morosa, sp. n. 

Long. corp. 21 millim.; segin. ult. cum foreip. 7 millim. 

Female . Black ; antenna, mouth-parts, lateral borders of pro- 
notion, and wings castaneous; legs paler; forceps dark red, 
broad and approximating at the base and meeting at the tips, a 
very strong carina on the upper surface, the inner and lower 
edge denticulated (most strongly towards the base) as far as a 
very strong tooth at about five-sixths of their length. 

Sab. -? 

Hot closely allied to any known species. I usually refrain 
from describing species of unknown locality, but in this insect 
the form of the forceps is so unusual as to allow of its being 
recognized at once. 

Genus XI. Demog-obgok, g. n. 

Male. Head convex, as broad or rather broader than the pro¬ 
thorax behind; antenuse with about 30 joints, scape widened, 
joints 2, 4, 5 rounded, the rest oblong and gradually increasing in 
length to about the middle, beyond which they are slender and 
of about equal length. 

Pronotum half as long again as broad, slightly depressed 
across the middle, with raised margins, the hinder part some¬ 
what raised and widened. 

Elytra truncated behind; wings absent or concealed. 
lixx. JOITRX.—ZOOLOGY, YOU. XXIII. 36 
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Abdomen long, slightly widened beyond the middle, the dorsal 
segments gradually diminishing in length to the 7th; 5th and 6th 
as if milled on the hind border; terminal segment very large, 
nearly square, slightly humped above the inner base of the 
forceps but without teeth; on the ventral surface it slopes 
backward, so that the penultimate ventral segment, which is 
subtriangnlar and reaches nearly to the extremity of its ventral 
portion, not only leaves the sides widely uncovered, but also 
that part of the lower surface, really belonging to the dorsal 
portion, which slopes backwards between the base of the forceps. 

Forceps rather long and stout, widely separated at the base, 
with several blunt teeth beyond the middle, and curved up¬ 
wards. 

Legs moderately long aud slender, clothed with short hairs ; 
first joint of the tarsi densely hairy beneath; front femora 
rather shorter and stouter than the others. 

Female with the forceps long, contiguous, unarmed, slightly 
upeurved, and crossed at the extremity. 

Allied to Labidura ; type D. Balesi^ sp. n., but will also 
include L. livida , Dubr., and some other American species. 

Demog-obuok Batesi, sp. n. (Plate XII. figs. 3> 3 a.) 

Long. carp. 36 million; segm. ult. cum forcip. 15 million 

Male . Yellowish, the front of the body inclining to grey, the 
abdomen to tawny ; mandibles blackish ; tegmina with the 
suture shading into tawny. Abdomen with the segments finely 
punctured towards the extremity, segments 5 and 6 very strongly 
milled; last segment smooth above, with a depressed line on the 
middle ; segments 2-7 above and beneath blackish in the middle 
towards the extremities, and segments 3-6 are also blackish on 
the upper part of the sides; forceps shading into blackish towards 
the extremity. 

Hub, Santarem. 

Closely allied to I). livida^ Dubr., though nearly twice the 
size; but the eyes are unicolorous, whereas in JD. livida they 
are deep black. 

Demouoegok bioglob, sp. n. 

Long. eorp. 29 million ; segm. ult. cum forcip. 10 million 

Male. Luteous, inclining to reddish; head beneath, pectus, 
and base and sides of the abdomen paler. Eyes black. Pro- 
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notum with a black stripe on eacli ride within the raised margins, 
tapering and ceasing before the hind margin. Hinder raised 
part of the pronotum, and tegmina coriaceous. Tegmina black, 
the suture with a reddish band, tapering, but .extending quite to 
the extremity. Hinder half of the abdomen (the terminal seg¬ 
ment excepted) reddish above and below in the middle, shading 
into blackish towards the ends of the segments, punctured, and 
in segments 3 and 6 above, and in d and 5 below, longitudinally 
ridged or milled; terminal segment and forceps luteous, the 
former with a depression on the median line above, and with 
slightly reddish tubercles above the base of the forceps. Hinder 
half of the forceps shading into dark red. 

Hal. South America (precise locality unrecorded). 

BjSMGGGEGGX ABELPHTJS, Sp. n. 

Long. corp. 25 million; segm. ult. cum forcip. 10 million 

Male . Luteous tawny; antennae (which are about 30-jointed), 
eyes, and under surface paler. Pronotum finely coriaceous; 
tegmina more closely so, and covered with small tubercles close 
together. Pronotum black above, the neighbourhood of the 
median line irregularly reddish, the lateral margins edged with a 
narrow pale line. Tegmina black, the lateral margins edged with 
a very narrow pale line; a tapering reddish band on the suture, 
hardly reaching the extremity. Abdomen with most of the 
segments (except the terminal one) blackish in the middle 
above and below; segments 4 and 5 below, and 5 and 6 above 
milled, segment 7 very narrow above, almost obsolete; terminal 
segment and forceps as in D. bicolor . 

Hal. Brazil (Catagallo), 

Demogobgon - patagoxicus, sp. n. (Plate XII. fig. 2 .) 

Long. corp. 23 millim.; segm. ult. cum forcip. S millirn. 

Mmole. Tawny; head reddish above, eyes black; antennae 23- 
jointed; pronotum reddish, with a wide black band on each side, 
very narrowly edged with pale outside, and curving inwards 
at the extremity; tegmina similarly coloured, the red band on 
the suture regularly narrowing behind ; abdomen with most 
of the segments blackish in the middle above and reddish below, 
finely punctured above, and more coarsely beneath, but not 
milled; forceps reddish, paler at the base above, and blackish 

36 # 
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towards the tips, which are incurved, crossed, and slightly raised. 
At the base they are subcontiguous; the inner edge is denti¬ 
culated. 

Sab. Patagonia. 

Possibly the female of one of the foregoing species. 

Genus XII. Psalis, Serv. 

Serv. Ann. Sci. Sat. xxii. p. 84(1831); Burm. Handb. Mat. ii. 
p. 753 (1839); Scudd. Proc. Post. Soc. Nat. Hist . xviii. p. 297 
(1876); Bull IT. S. Geol. Surv. Territ. ii. p. 250 (1876). 

Type, Forficula americana , Beauv., from Tropical America. 

Psalis (?) picxka, sp. n. 

Long, corp., 6 12| millim., $ 10 millim.; c? S, segm, ult. 
cum forcip. 3 millim. 

Pitchy; head, tegmina, and forceps inclining to reddish ; abdo¬ 
men (and pronotum in the male) darker; antennae 19-jointed, 
brown, paler beneath; joints 1, 2, 17, and 18 in Si 1, 2,16, and 
17 in $ whitish ; pronotum nearly twice as long as broad in the 
male, shorter in the female, the lateral margins testaceous; wings 
narrowly bordered with testaceous on each side at the base and 
along the suture; legs testaceous; abdomen punctured ,* forceps 
contiguous, gradually curved, and crossing at the extremities, 
denticulated on the inner edge. 

Hah. Gambia. 

Much resembles Labidura rufescens , Beauv.; but this species 
is described as having at least 30 joints to the uniformly pale 
antennae. 

Genus XIII. Labidtjeodes, Dubr. 

Dubr. Ann.Hus. Genov, xiv. p. 385 (1879). 

Type, L . robust us, Dubr., from Papua. 

Not represented in the Museum Collection. 

Genus XIV. Akisolabis, Fieb. 

Fieb lotos , hi. p. 257 (1853) ; Scudd, Bull U, 8. Surv. Territ 
ii. p, 251 (1876). 

Porcinella, Dohrn , Stett. eni. Zeit. xxiii; p. 226 (1862), xxv. 
p. 285 (1864). 

Braeiiylabis, p., Bohrn, l. c. xxv. p. 292 (1864). 
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Type, Forficula maritime,i, Gone, from Europe. 

Lahidura advena , Mein., from Jamaica, proves to belong to this 
germs. 

Amsolabis liTJFESCEisrs, sp. n. (Plate XII. fig. 10.) 

Long, corp.29 millim.; segm. ult. cum forcip. 9 millim. 

Male* Head reel, black above in front, and the red part behind 
marked with several black lines to the occiput; a red spot on 
each side of the vertex, within each eye; clypens brown, bordered 
with yellowish; mandibles and extremity of the labrum red; 
antennas 21-jointed; scape reddish; flagellum yellowish brown, 
thickly clothed with short diverging hairs ; pronotum red; basal 
segments of abdomen red above, and bordered with blackish 
behind ; beneath, the rest of the abdomen and the forceps black, 
thickly and finely punctured, more coarsely punctate-striate on 
the sides; forceps thick, broadened beyond the base, but without 
a basal tooth; the inside of the curve denticulated, the right side 
rather more curved and shorter than the left; legs reddish, rather 
paler than the thorax; pygidium exposed, bifid at the extremity. 

Hal . Cameroons. 

Apparently allied to A. maimtanica , Luc., but much larger 
and differently coloured. 

ANISOLABIS XENIA., Sp. U. 

Long. corp. 22-25 millim- 

Dark chestnut-brown, more or less inclining to red ; antennae 
and legs testaceous ; femora distinctly brownish before the tips; 
forceps very stout, crossed, the right one in the d 1 , as usual, 
shorter and more curved; d with two, $ with three, large tri¬ 
angular teeth on the inside between the base and the middle. 

Sab. Norfolk Island. 

Allied to A. Uttorea , White, from New Zealand. 

Anisolabis antennata, sp. n. 

Long. corp. 9 millim.; segm. ult. cum forcip. 2 millim. 

Female. Beddish brown above ; the forceps, which are rather 
long and crossed at the tips, redder; under surface pale, but 
darkening beyond the middle of the abdomen, towards the red 
forceps ; antenna brown, the joints spotted with pale at the base 
and tip, and joints 1, 2, and 12 entirely pale (the rest broken off), 
hind femora pale brown in the middle. 

Sab. Bermuda. 
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Possibly a variety of A . azteca, Dohrn; but in that species the 
femora are more distinctly ringed with fuscous, and the 9th joint 
of the antennae is pale. However, He Bormans mentions a. speci¬ 
men from Palmal, which he considers to be a variety of A* azteca, 
in which joints 1, 2, 10, and 11 are whitish. 

Genus XY. Bbachylabis, Dohrn. 

Dohrn , Steti. eni. Zeit. xxv. p. 292 (1864); Be Bonn. Ann. 

Soc . JEnt. Belg . xxvii. p, 64 (1863). 

Type, Borficula chilensis , Blanch., from Chili. 

Not represented in the Museum Collection. 

Genus XVL Piatylabia, Dohrn. 

Platylabia, Dohrn , eni. Zeit. xxviii. p. 347 (1867). 

Labidophora, Seudd. Proc . Postf. Soc. Nat. Hist . xviii. p. 297 
(1876). 

Type, P. major, Dohrn, from Celebes. 

PlATIlABIA KIGEICEPS, sp. n. 

Long, eorp. 10 millim.; ult. segm. cum forcip. 3 millim. 

Male. Luteous; head, except the month-parts and under sur¬ 
face, tegmina, except at the base, and wings shining black; 
abdomen darkening into reddish, the hinder edge and forceps 
blackish, the latter reddish towards the tips ,* the whole body 
set with long pale divergent hairs, most distinct on the antennae 
and forceps; tegmina and wings coriaceous; abdomen finely and 
thickly punctured; pygidium nearly square, with slightly pro¬ 
jecting hinder angles, and a projection in the middle; forceps 
long, nearly straight, but converging at the tips; on the inner 
side there is a strong tooth about the middle. 

Ilab. Borey. 

Eesembles P. thoracica> Dohrn, in shape, size, and general 
appearance. 

Genus XVII. Ohjstospakia, Earsch. 

Karseh , Berl. eni . Zeitschr. xxx. p. 87 (1880), 

. Type, C. inormia , Karseh, from Madagascar. 

Not in the Museum Collection. 
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Genus XVIII. Spaeatta, Serv. 

Serv . Orthojoteres , p. 51 (1839). 

Type, $. pelvimetra , Serv., from Brazil. 

Spaeatta Hoeseieldi, sp. n. 

Long. corp. 12 miUim.; segm. ult. cum forcip. 4 millim, 

Female . Dull red or tawny; Lead light red, smooth, with the 
occipital suture well-marked; antennse at least 14-jointed, Hack, 
2nd joint transverse, the rest oval or pear-shaped, set with short- 
diverging hairs, scape light red, joints 11 and 12 pale ; head 
somewhat concave behind; profhorax forming a distinct neck, the 
anterior angles being strongly marked; pronotum brown in front 
and tawny yellow behind; teg min a varying from brown to tawny 
according to the light; wings darker, with the edges narrowly pale; 
legs (as well as the head and pectus) luteous tawny; abdomen 
dull reddish, blackish on the sides at the base; extremity also 
blackish; forceps light red, gradually incurved and meeting at 
the points, the inner edge regularly denticulated; pygidium 
yellowish, very wide and short, and concave at the extremity. 

Hah Java. 

Not closely allied to any described species. 

Genus XIX. Mecomeba, Serv. 

Serv. Orth. p. 53 (1839). 

Type, M. brunnea , Serv., from S. America. 

Not represented in the Museum Collection. 

Genus XX. Labia, Leach . 

Leach , Limb. JEmycl. ix. p. 118 (1815) ; Dohm , Stett. ent . Zeit. 
XXV. p. 423 (1864); Seidel Bull . 17. S. Geol. Surv. TerriiM 
p. 257 (1876). 

Type, Forfieula minor , Linn,, from Europe, 

Labia bupeestoides, sp. n. (Plate XII. fig, 8.) 

Long. eorp. 13-16 millim.; segm, ult. cum forcip, 5-6 millim. 

Head and abdomen, except the terminal segment, black; 
antennae 16-jointed, brown, clothed with short hairs; pronotum 
and tegmina metallic green* the former less intense and slightly 
tinged with coppery at the edges; wings white, the exposed part 
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metallic green, except a conspicuous spot at the base and a narrow 
edging; legs testaceous; femora black, spotted with testaceous, 
or with the whole of the grooved under surface testaceous; tibiae 
with two black spots above; terminal segment of abdomen and 
forceps luteous, the latter blackish and crossed at the tips. If cr¬ 
eeps wide apart in the male, with a small tooth on the inner edge 
at the base, thence regularly denticulated to four-fifths of their 
length where there is a much larger triangular tooth. Forceps 
in the female more strongly but irregularly denticulated, and 
without the two larger teeth present in the male. The pygidium 
is not distinctly visible in any of the three specimens before me. 

Hob. Ega. 

Probably allied to X. chalybea , Dobra, 

This species, which is one of the largest of the genus, clearly 
mimics some metallic beetle belonging either to the JBuprestida; 
or to the Staphylinidce. 

Labia (?) glabricbla, sp. n. 

Long. corp. 5 millim.; segm. ult. cum forcip. 1| millim. 

Male. Head, pronotum, tegmina, and wings shiningblack, finely 
punctured; mouth-parts and 10-jointed antennae dull tawny; 
abdomen dark chestnut-brown, becoming reddish towards the 
extremity and on the forceps; pronotum rounded behind, sub¬ 
quadrate, the lateral margins testaceous; tegmina twice as long 
as broad; wings rather pointed ; abdomen rather broad, reddish 
brown, rather coarsely punctured, last segment and forceps red; 
the latter rather wide apart at base, but curving sharply inwards 
and crossing at the tips ; they are smooth, with scattered pale 
yellow hairs, and one tooth near the base. 

Hah. Santarem. 

Possibly allied to X, uremia, Scudd. 

Labia tricolor, ap, n. 

Long* corp. 4| millim.; segm. ult. cum forcip. 2 millim. 

Male. Head shining black; mouth-parts, 10-jointed antennae, 
and legs rufo-testaceous ; pronotum, tegmina, and wings purplish 
brown; abdomen reddish ; forceps rather long, subparallel, .but 
touching at the tips, denticulated on the inner edge; pygidium 
long and narrow, one third as long as the forceps, and bifid at 
the extremity. 

Hah Santarem. 
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Genus XXL Sbongophora, 

Spougiphora, Nat. xxii. p. 31 (1831). 

Spongophora, Agass. Nom. Zool. p. 349 (1846); 8cudd . Bull. 
UN. G-eol. Surv. Territ. ii. p. 251 (1876). 

Psalidophora, Serv. Orth. p. 29 (1839); JDoJirn , Stett. enf. 
Zeit xxv. p. 417 (1864). 

Type, 8. croceijpeimis, Serv., from Brazil. 

Spongophora Dvsoni, sp. n. (Plate XII. fig. 6.) 

Long. corp. 20 millim.; segm. ulfc. cum foreip. 9 millim. 

Female . Head blackish above; the mouth-parts and occiput 
reddish; antennse at least 17-joinfced, tawny; pronotum dark 
brown, the lateral carinfe paler; tegmina chestnut-brown, emar- 
ginate at tips; exposed part of wings luteous, bordered with 
chestnut; terminal segment of abdomen tawny, with some 
obsolete, brown, longitudinal stripes above, strongly punctured 
towards the extremity; pygidium emarginate, and therefore 
distinctly bifid; forceps long, gradually curved, thickened 
towards the base and very slightly denticulated, meeting* at the 
tips ; legs straw-coloured, femora striped both above and below 
with brown ; body beneath testaceous, sides of abdomen darker. 

Rah. Venezuela, 

A comparatively short and stout species ; it most resembles an 
insect from Theresopolis, which may be the female of 8. Uteri- 
minieri , Serv,, or S. flavipennis , Burm., which are probably dis¬ 
tinct from 8. croceipenuis , Serv. This, too, has the terminal 
segment and forceps pale. 

Genus XXII. Chelisoches, Seudd. 

Scudd. Froc. Bost. Soc> Nat, Hist, xviii. p, 295 (1876). 

|| Lobophora, Serv. Orth . p. 32 (1839). 

Type, Forjicitla morio, Eabr., from the Eastern Archipelago. 

Chelisoches tenebrator, sp. n. (Plate XII. fig. 5.) 

Long. corp. 25 millim.; segm. ult. cum foreip. 10 millim. 

Female. Chestnut-brown, forceps and abdomen beneath red¬ 
dish ; antennas 18-jointed, the second transverse, all the rest much 
longer than broad, but the 4th distinctly shorter than the 3rd 
and 5th; joint 12 (except at base), and joints 13 and 14 entirely 
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straw-colour; front of pronotum with three depressed lines in 
the middle, beyond which is a long hump on each side ; wings well 
developed. Abdomen finely punctured, segment 7 milled at the 
extremity, above, last segment comparatively short; pygidium 
strong, truncated; forceps smooth, very slightly curved outwards 
in the middle, a strong tooth on the inside at the base, and one or 
two very small ones in the middle, tips incurved. 

Sal. India. 

Allied to G. mono , Fabr. 

CJhelisoches (?) picyicobkis, sp. n. (Plate XII. fig. 4.) 

Long. eorp. 22 millim .; segm. ult. cum forcip. 9 millim. 

Male. Inky black, the lower mouth-parts and under surface of 
the tarsi inclining to rufo-fcestaceous; antennae with the first six 
joints red, joints 7-9 black, 10 white, the rest wanting; pronotum 
quadrate, a little longer than broad ; teginina about twice as long, 
and wings extending beyond them for a distance about one third 
of the length of the teginina; the greater part of the body finely 
coriaceous; base of the segments of the abdomen with large, 
distant, shallow pits, 2nd and 3rd segments tubemilate on the 
sides ; pygidium rather broad, subtruncated; forceps as long as 
the abdomen, distant at base, smooth, curving gradually outwards 
and inwards, towards the base depressed and keeled, and with a 
moderately strong triangular tooth about the middle. 

Sab. Philippines. 

This insect is probably the male of Sorfieula lolophoroides, 
Dohrm 


Genus XXIII. Aiichekomtjs, KarscK 
Aueiienomus, KarseJi, Bert ent Zeifschr. xxx. p. SO (1880), 

Type, A. longiforceps , Karsch, from Madagascar. 

Not represented in the Museum Collection. 


Genus XXIV. Neolobophora, Scudd. 

Smdd . Broc. Bost. Soe. Nat. Hist . xvii. p. 281 (1875) j Bull 
UH Geol Surv. Terr it. ii. p. 253 (1876). 

Type, 2V". volsella , Scudd., from Mexico. 
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Genus XXV. Aecistrogaster, $£§Z. 

Vet-Alcacl Forh, xii. p. 849 (1855); Scudcl Bull U.S. 
Geol Surv . ii. p. 253 (1876); Broc , Ifast &<?. A 7 ^. 
xviii. p. 288 (1876). 

Type, A . luctuosus , Stal, from Brazil. 

There is a single specimen of a new species from Australia in 
the Museum Collection, with lateral hooks on the abdominal seg¬ 
ments, as in An cistrogaster , but differing much in the shape of 
the body and forceps. I forbear to describe it, as it must belong 
to a new genus, and I prefer to wait till more specimens are 
obtained. 


Genus XXVI. Opxsthocqsmia, Bo Jim , 

Dohrn , Stett. ent. Zeit xxvi. p. 76 (1865). 

Type, 0. centurio , Dohrn, from the Indo-Malayan Islands. 

Opxsthocqsmia humeealxs, sp. n. 

Long. corp. 11 millim.; segm. ult. cum forcip. 4 millim. 

Female, Pitchy brown; head dull red; antennas at least 11- 
jointed, all the joints beyond the 4th cylindrical and very long ; 
3 and 4 rather thicker, and together not much longer than any of 
the following ones, being about twice as long as broad ; antenna) 
blackish, joint 16 whitish except at the base ; pronotum black, 
narrower than the head and rounded behind ; its lateral margins, 
the legs, a broad band on the basal half of each of the tegmina, 
and a large basal spot on the nearly black wings, luteous; abdo¬ 
men with the 2nd segment laterally tuberculate; forceps half as 
long as the abdomen, slightly thickened at the base and very 
slightly denticulated on the inner edge, gradually curved, and 
meeting at the tips. 

Sab. Ceylon. 

Allied to 0. centurio , but smaller and differently coloured. 

Opisthocoshia (P) ceeyipyga, sp. n. (Plate XII. figs. 12, 
12 a,) 

Long. corp. 17 millim.; segm. ult. cum forcip. 71 millim, 

Male . Black ; eyes red; mouth-parts, the long inferior spine 
of the forceps and the tip mostly red ; antennae pubescent, with 
long joints, joint 7 white except at the base (the remaining joints 
wanting); vertex smooth ; occiput reddish brown, it is separated 
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off by a deep channel running between the eyes and, as well as 
the vertex, is slightly depressed on the median line ; pronotuin 
oblong, channelled in front, the sides and the hinder lobe raised ; 
fegmina and wings dull black, the latter very narrowly edged out¬ 
side with reddish ; the projecting part about one third as long as 
the tegmina; legs very long, ferruginous; femora reddish brown. 
Abdomen very finely punctured, narrow at the base, but widely 
expanded beyond, the first 4 segments tuberculated on the sides, 
the terminal segment with the extremity depressed, with 2 slight 
elevations at the base of the forceps, and the hinder edge raised. 
Forceps stout, raised, diverging, and then converging; they first 
form a short curve upwards, and then a much longer one at 
almost a right angle downwards; about the curve is a short strong 
spine directed backwards; beneath they are slightly denticulated 
towards the base; the long downward curves end in long, sharp, 
slightly incurved spines, above which the forceps rise again in 
short rounded curves, ending beneath in shorter spines; and they 
then rise again to form curved terminal spines, the tips of which 
touch. 

Hab . Sarawak. 

Very similar to Forficula longipes , De Haan, but much larger ; 
and in F. longipcs d only the first two abdominal segments are 
tuberculated ; the species likewise differ in colour and in the 
shape of the forceps. 

G-enus XXVII. Axechuka, Seudcl. 

Scudd. Droc. Dost. Boc. Nat. Hist, xviii. p, 289 (1876). 

Type, Forficula Mpunctata , Fabr., from Europe. 

This species is included by Dohrn in his first section of Forfi¬ 
cula ; but few of the other species which he places with it are 
congeneric with either Forficula or Anechura. Several new 
genera will ultimately be required for their reception ; but for 
the present they may be temporarily associated with 'Sjphin- 
golalis. 

Genus XXVIII. Fokbicula, Linn. 

Linn. Sgst. Nat. i. p. 423 (1758); Sen. Orth. p. 35 (1839); 

Dohrn, Btett. ent . Zeit. xxvi. p. 84 (1865). 

Type, F* auricularia , Linn., from Europe. 

This genus must be restricted to those species in which, as in 
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F. auricularia , the forceps are flattened and contiguous at the 
base in the male and diverge afterwards. 

Forficula cqriacea, sp. n. 

Long. corp. 11 millim.; segm. ult. cum forcip. 3 millim. 

Female . Eufo-testaceous; head dark reddish brown ; tegmina 
and wings purplish brown, except the base of the former; tips of 
front femora and all the tibiae and tarsi brown, as is also the 
scape of the antenna) (the rest wanting); last two segments of 
the abdomen shining black above, beneath more inclining to red¬ 
dish; forceps black, with a pale spot at the base of each, and the 
tips inclining to reddish; the latter are simple, slightly iuemwed 
and upturned. The insect is set with short hairs and is finely 
coriaceous. The second segment of the abdomen is laterally 
tuberculate, and the terminal segment is unusually long, and its 
upper extremity ends in a concave carina. 

Sab. Sierra Leone. 

A peculiar species, not closely allied to any other, and easily 
recognizable by the dark head and apical segments. 

Forficula picta, sp. n. 

Long. corp. 8-9 millim.; segm. ult. cum forcip. 2-3 millim. 

Antenna; chocolate-brown, scape yellow ; head yellow (choco¬ 
late-brown abowe in the male); tegmina obliquely divided, the 
basal and outer half being yellow and the inner and hinder half 
chocolate-brown; pectus, legs, and wings wholly yellow; abdo¬ 
men reddish-chocolate ; forceps of male widened and contiguous 
at base, gradually curving beyond to meet at the tips, unarmed ; 
those of the female contiguous throughout and crossing at the 
tips ; pronotum slightly longer than broad, rounded behind; 
abdomen moderately punctured, the 2nd and 3rd segments 
tuberculate. 

Sab. Zululand. 

Forficula planicollis, sp. n. 

Long. corp. 11 millim.; segm. ult. cum forcip. 4 millim. 

Female. Head and abdomen castaneous ; pronotum black, the 
lateral margins, tegmina, and wings testaceous; abdomen thickly 
and coarsely punctured; forceps rather long, subcontiguous, 
nearly straight, but meeting at the tips. 

Sab. North India. 

Allied to F. auricularia , Linn. 
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Genus XXIX. Spiotgolabis, Be Bonn. 

Be Bonn . $oc. Fnt . Belg . xxvii. p. 59 (table) (1883). 

Type, S.jwcifera , De Borm., from Sumatra. 

THs genus lias never been properly characterized, and I cannot 
venture to do this now, because the typical species is not before 
me. SpJmiffohMs, however, removes from Forficula all the 
species not yet assignable to other described genera in which the 
male forceps are divergent at the base; and though it may now 
be used provisionally in this wide sense, it must later on be sub¬ 
divided into numerous smaller genera. 

Sphxkgolabis yarxegata, sp. n. 

Long. corp. 15 millirn.; segm. ult. cum forcip. 5 millim. 

Female. Keddish brown, the pronotum (except the margins), 
the sides o£ the basal segments of the abdomen, and the last 
segment shading into blackish; antennas at least 12-jointed, the 
joints comparatively short; joints 10 and 11, the lateral and 
hinder margins of the pronotum, and the penultimate segment 
of the abdomen pale testaceous; tegmina tricoloured; a broad 
reddish stripe on the suture, a yellowish-testaceous stripe in the 
middle, and the outer edge blackish ; wings reddish, the borders 
right round to the sutural margin yellowish testaceous; legs 
reddish, the knees and tarsi shading into testaceous; pvgidium 
rounded; forceps rather long, moderately stout, not closely ap¬ 
proximating at base, unarmed, slightly incurved, and meeting at 
the tips. 

Hab. Sierra Leone. 

Somewhat resembles 8. africana , Dohrn. 

Sphikgolabis bipartita, sp. n. 

S . Long. corp. 13-161- millim.; segm. ult. cum forcip. 6-7$ 
millirn. $ . Long. corp. 10 millim.; segm. ult. cum forcip.3 millim. 

Head and front of pronotum pale red above; sides and hind 
part of pronotum pale testaceous, the two colours sometimes 
separated by a dusky crescent; antennm and abdomen darker red, 
the lateral tubercles on the 2nd and 3rd segments of the abdomen 
surrounded with blackish; tegmina and wings pale yellow, the 
former with a reddish or brownish band on the suture hardly 
extending to the wings ; legs pale yellow. Pronotum as broad 
as the head, subquadrate rounded behind; tegmina nearly three 
times as long as the pronotum, and wings nearly half as long 
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as tlie tegmina ; head, tegmina, and wings finely coriaceous. 
Abdomen above covered with large depressed punctures; the 
last segment deeply depressed in the middle of the hinder half, 
with an elevation on each side; pygidium short and broad, curved 
at the extremity; male forceps with a very large triangular 
projection near the base, dentated and nearly touching at the 
extremity, then slightly curved outwards, afterwards gradually 
approximating till the hooked tips (which shade into blackish, the 
rest being red) meet • they are unarmed, except the projection at 
the base. In the female the forceps are simple, subeontiglions, 
and meet at the tips, where they are slightly raised. 

Hah. India. 

This species resembles 8. ttfricam , except in the large tooth 
near the base of the forceps in the male, which indicates a nearer 
afliuity to typical Forjlculu . 

ypiinraoLAjjis (?) sobapteua, sp. n. 

Long. eorp. 15 milliin.; segin. ult. cum forcip. 5 millim. 

Male. Subdepressed; head above, pronotmn, tegmina, and basal 
half of femora black, shining, very finely punctured; antennae at 
least 13-jointed, set with short raised bristles, the 3 basal joints 
rufo-testaceous, the remainder castaneous; face, under surface, 
and legs, beyond the middle of the femora, rufous; hinder 
and lateral edges of pronotum narrowly testaceous. Pronotum. 
nearly square ; tegmina half as long again and truncated at the 
extremities; wings not visible. Abdomen reddish chestnut, the 
sides rugose, and black above to beyond the middle; 3rd segment 
with very distinct tubercles, sometimes reddish; the hinder half 
of segment T and the middle segments very strongly rugose 
above in the centre, the others less so, and the basal and terminal 
segments nearly smooth; terminal segment rather large, trun¬ 
cated at the extremity, and slightly raised ; pygidium very large, 
nearly of the form of a truncated isosceles triangle, but with the 
base suddenly widened; forceps rather thickened at the base, but 
widely separated, curving gradually inwards and slightly down¬ 
wards and meeting at the tips; near the base is a very large 
sharp tooth, directed downwards and backwards, below the ex¬ 
tremity of the pygidium; there is also a smaller tooth on the 
inner edge at about the middle of the length of the forceps. 

Hab. Queensland. 
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Not closely allied to any known species, and only provisionally 
referred to Spilingolabis, 

SpniNGOLi-Bis spictilipeea, sp. ii. (Plate XII. figs. 7, 7 a,) 

Long. corp. 17 millim.; segm. nit. cum forcip. 8 millim. 

Male. Head dark chocolate-brown; pronotum rather narrower 
Ilian the head and nearly twice as long as broad, black, lateral 
borders testaceous; antennse and abdomen reddish, except the 
neighbourhood of the lateral tubercles on the 3rd segment of 
the abdomen, which is black; tegmina testaceous, with a blackish 
band on the suture; wings not visible; legs testaceous; head, 
pronotum, two basal segments of abdomen, and terminal segment 
(except two parallel longitudinal spaces on the back) very finely 
coriaceous; the rest of the abdomen with deep round punctures; 
pygidium not prominent, hut armed with a long sharp spine, 
nearly two millimeters in length, projecting between the base of 
the forceps; forceps wide apart, thickened and diverging at base, 
then curving gradually downwards and upwards ; just beyond the 
base is a rather strong tooth on the upper surface, and the inner 
curve is denticulated throughout, as far as a small tooth just 
before the upward turn of the tips, at about four fifths of the 
length of the forceps. 

JEtah. New South Wales. 

Allied to the South-Ameriean S. gracilis, Burm., and S. sutii- 
rcdis , Serv.; but in these species the pygidial spine is much 
smaller; wings are present; and the sides of the abdomen are 
parallel. In S. spiculifera the abdomen widens considerably 
from the base to the extremity. 

Spuingo l abis binotata, sp. n. 

Long. corp. 13 millim.; segm. ulfc. cum forcip. 5 millim. 

Male. Head above and front of pronotum blackish ; mouth- 
parts, scape of antennae (all present), and legs rufo-testaceoua ; 
sides and hinder half of pronotum pale testaceous; pronotum 
oblong, a little longer than broad; head, pronotum, and tegmina 
all coriaceous; tegmina reddish chocolate, nearly twice as long 
as the pair together are broad; wings half as long as the tegmina, 
with a large yellow spot at the base, the suture red, and the tips 
otherwise blackish. Abdomen dull reddish, the 2nd and 3rd seg¬ 
ments tuberculate, terminal segment blackish; pygidium dull 
red, longer than the last dorsal segment, and of the form of a 
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truncated cone, grooved above towards the extremity; forceps 
red, nearly as long as the exposed part of the abdomen, separated 
at base, unarmed, gradually curved, unusually uniform in thick¬ 
ness, hairy, and somewhat obtuse at the tips. 

IIah, Colombia. 

Sphxngolabis (P) perpt/exa, sp. n. 

Long. eorp. Id inillim.; segm. ult. cum forcip. 6 millim. 

Male. Bark chestnut; legs paler; base of femora, tarsi, and 
tips of wings testaceous; antennte 9-jointed, joints 5-9 very 
long, terminal joint testaceous, except at base; pronotum nar¬ 
rower than the head, eastaneous, sides testaceous; pleura black. 
Abdomen reddish testaceous; sides of segments 2, 3, 6, and 7 
tuberculate; forceps laterally compressed, widely apart at base, 
slightly diverging, and curving upwards in a strong triangular 
tooth, thence curving inwards till they nearly touch at half 
their length, then angulated and running horizontally in a 
very slight inward curve; the pointed tips are crossed at the ex¬ 
tremity; the inner edge is denticulated throughout its whole 
length ; and all parts of the body of the insect are sparsely set 
with rather long erect bristles. 

Hah, Rio. 

This species does not appear to be allied to any previously 
described, and will doubtless be placed in a new genus when a 
series is obtained. 

Sphingglabis meeidxonalis, sp. n. 

Long. corp. 12 inillim.; segm, ult. cum forcip. 4 millim. 

Male. Head above, pronotum, wings, and forceps, except at 
the base, blackish ; antenna? at least 9-jointed, the joints, except 
the 2nd and 3rd, very long, sparingly pilose, rufous towards the 
base and blackish towards the extremity; joint S, and sometimes 
the extremity of joint 7, white; sides of pronotum. narrowly testa¬ 
ceous, and a testaceous spot at the extremity of the -suture of the 
wings; tegmina, abdomen, and extreme base of forceps easta- 
neous; sides of abdomen blackish towards the base, segments 
2 and 8 tuberculated; legs testaceous ; pygidinm bowl-shaped, 
with a slight projection on the lower surface on each side; 
forceps regularly curved, denticulated towards the base, a very 
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strong rectangular tooth beyond the middle, and a ranch more 
obtuse prominence before the tips, which are somewhat attenuated. 

Female (?). Brownish black; antennae 13-jointed, castaneous, 
darker at base, vertex slightly reddish; lateral borders of pro- 
notum, tegmina, except a broad blackish band on the suture, and 
legs testaceous; wings not visible ; pygidium longer and narrower 
than in the male, triangular above, and with the projecting 
lateral points much more conspicuous ; forceps shaped as in the 
male, minutely denticulated oil the inner edge, but without 
larger teeth. 

Rah. Theresopolis. 

Apparently allied to Forficula parvicollis , Still. 

Genus XXX. Apteeygkda, Westw . 

Westw* Mod . Class . Ins. ii. Qen. Synopsis, p. A1 (IS 40). 

Type, Forficula albipennis , Oharp., from Europe. 

This genus will include the small suba-pterous European species 
with forceps diverging at the base in the male, which are included 
by some authors with Forficula, and by others with Gkelidura. 
All the species which properly belong to Spkingolabk have fully 
developed organs of flight. 

Genus XXXI. Chelidura, Sero. 

Serv. Ann. Sci. Hat. xxii. p. 30 (1832). 

Type, Forficula apt era , Charp., from Europe. 

G-enus XXXII. Caecinophora, Scudd. 

Scudd. Proc. Post Soc. Hat. Kid . xviii. p. 291 (1.S76). 

Type, Gkelidura rohusta , Scudd., from Peru. . 

Xot represented in the Museum Collection. 


Doubtful Genera. 

(Turns XXXIII. (?) C o n t dy lop a lam a , 8 mid. 

Sumk Fork Skaiul. Haturf. iv. p. 255 (1817); Scudd. Proc . 
Post. Soc 4 Hat. Kid. xviii. p. 292 (1876). 

Type, Condylopalama agilis, Sund,, from Brazil 
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(Genus XXXIV. Tyiuilolaela, Hciuld. 

Scudd. JProc. Bost. Soc. FTat. Mist, win, p. 300 (1876j. 

Type, Forficula (?) Iceris, Phil., from Chili. 

Believed to belong to the genus Tapgv, Hal. (Tfu/sanurd ). 


DESCRIPTION OP PLATE XII. 
Fig. 1. Lahidma pugnax. 

2. Domogorgon patcigonicns. 

3 (L JDcmogorgon Batesi. 

4 . CJtdisochcs (?) pktkornk. 

5. GhelUoches iencbrcitin'. 

6. tipongophora Dysoni. 

7 , 7 a. Sphmgolabis spictdifenr. 

8. Labia hiiprctfokks. 

0. Echmomnici Furbcsi. 

10. Anisolahis rttfesccM. 

11 , 11 a . Pygidkra u a HorsjiehU. 

12, 12 a. QpMocosttua (?) oarvipyua. 


On a Variety of Alectona Millari (Carter). By A. Vaughan 
Jennings, P.L.S., F.G.8., Lecturer on Comparative Ana¬ 
tomy to the Birkbeek Institute. 

[Bead 20th November, 1890.] 

(Plate XIII.) 

lx his £ Monograph of the British Spongiads), 5 Hr. Bowerbank * 
figured a siliceous spicule, remarkable for its resemblance in form 
to that of a Gorgonia , as belonging to a sponge that had c< never 
yet been determined. 5> 

Mr. Carter in 18791 described similar spicules associated with 
microscleres of Ms sceptrella type, occurring in a homogeneous 
dried Barcode. The sponge appeared to he of an excavating 
habit, but on account of its association with Gliona this could 
not be determined with certainty. He referred it to the genus 
Gummina $ under the name of G. WallicJiii , 

* Yol. i. pi. xi. no, 244. 

t Annals and Magazine of Natural History, 1879, vol. ill p, 353. 

% Written Cortkiuni but corrected subsequently. 
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Later in the same year Mr. Garter * was able to give a lull 
account of a specimen boring in a coral (Amphihelia ocidata , 
Duncan) dredged between Scotland and the Faroe Isles. De¬ 
ciding that the sponge could not remain in the genus Gitmmma , 
he substituted for the name previously given that of Aleotona 
Millari. 

The genus has not yet been recorded as boring in molluscau 
shells, but there is a variety of A. Millari commonly found in 
those of Lima excavate &, Fabr., from Christiania and the Scandi¬ 
navian coast. 1 have not yet observed it in any other shell, ever? 
in collections from the same locality. 

Though not specifically distinct from the original type, this 
form seems worthy of attention on account of certain peculiarities 
in its mode of growth, and because it presents a striking instance 
of the inclusion of foreigu spicules. 

The Habit of the Sponge .—Scattered over the outer surface of 
the shell are circular openings, irregularly distributed and variable 
in size, leading into passages communicating with the chambers 
excavated by the sponge. The larger are about ^ inch in dia¬ 
meter, and the passages into which they open are lined by a thin 
white crust. In many cases the opening is roofed over by a con¬ 
vex white disk with a central perforation, and similar structures 
are seen occasionally crossing the passages below the surface. 
(PL XIII. figs. 3, 4) 

On examination, these disks and the crust Jiuing the passages 
are seen to consist entirely of the flesh-spicules. 

In the region of the umbo the shell-substance has been eaten 
through in irregular patches, and the spaces are now filled by 
masses of spicules in which the flesh-spicules are far more 
numerous than the mcgascleres. 

The question whether the sponge projected on the outside or 
grew over the surface in this region is of some interest, as in the 
original type there was distinct evidence of such an extension of 
growth outside the coral. 

If there had been any such external growth, it is probable that 
remnants of it would be left, seeing that the more delicate pa- 
pillm over the small openings are still preserved. Moreover, the 
predominance of flesh-spicules in these patches suggests the 

* Journal of the Royal Microscopical (Society, voL ii, 1879, p. 493, pis. xvii.- 
xrii. a. ■ 
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presence of a dermal layer tliere. It seems probable therefore 
that the growth of the sponge is limited by the shell externally. 

It is on examining the inner surface of the shell, however, that 
the special growth-characteristics of the sponge are seen. Instead 
of the smooth and even surface broken only by scattered perfor¬ 
ations that is commonly seen in shells attacked by Oliona *, there 
appears in this case ail irregular elevated area covered with blunt 
spines and papilhe. 

Evidently the sponge has endeavoured to grow inwards, dis¬ 
solving the nacreous layer and encroaching on the premises of 
the mollusc, instead of restricting its wanderings to the thickness 
of the shell. The mollusc has retaliated by depositing fresh shell- 
layers on the intruder, and the struggle has gone on till the 
chambers are several times the normal thickness of the shell, 
and are roofed over by a thin convex layer of secondary shell- 
substance, while the points at which branches have pushed further 
in are represented by thick conical papillie. 

The actively growing parts of the sponge are fine threads, 
sending off lateral branches or dividing dichotoinously. 

A careful examination of the extremities of the borings indi¬ 
cates that the excavation is carried on in the same manner as in 
the Qliona described by Nassonow f. 

Immediately behind these growing tips the sponge thickens 
rapidly, but does not form distinct chambers, so that there is 
nothing of the moniliform appearance seen in some Clionas, 
while the older parts occupy wide confluent spaces only crossed 
here and there by pillars of shell. 

The rapidity with which the shell is attacked is shown by the 
fact that only the extreme tips are in the normal thickness of the 
shell, while the convex secondary deposit is developed almost to 
the ends of the branches. 

The best idea of the relations existing between the sponge and 
the shell is obtained from an examination of thin sections made 
through the chambers and papilla. 

* Ryder in the 1 American Naturalist,’ 1879, vol. xiil p, 281, mentions the 
presence of papilla on the inside of Ostrca virginiann peforated by a boring 
sponge, but does not specify the sponge. I have seen small papilla; clue to 
the presence of Cliona in Mytilus lafus ; and Hancock mentions “clusters of 
pearl-like points ” due to Thoosa caetoides , Ann. & Mag. Nat. Hist. (2) ill 1849, 
p. 346. 

t Zeitsckrift fur wiss. Zoologie, xxxix. pi xviii. Kg. 1. 
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Thus the section figured (PL XIII. fig. 6) shows that while the 
outer layer of the shell is left intact, the chamber occupied by the 
sponge is fully twice the normal shell-thickness. The nacreous 
layer is normally about *75 inillim. thick; over the chamber it is 
reduced to *40 inillim., except where the sponge has sent out 
two branches that have been covered by many concentric deposits 
to a thickness of 1-2 millim. 

In the axis of each papilla thus formed lie spicules of the 
sponge, a pair of the large skeleton-spicules in one case lying 
close together parallel to the direction of growth and surrounded 
by the small flesh-spicules. The appearance of these sharp and 
spinose bodies lying in a crypt scarcely larger than themselves, 
like a Pholas in its burrow, might have been used as evidence in 
favour of the view that the excavating power of boring-sponges 
is due to the spicules. 

One feature of considerable interest remains to be noted. It 
is only in quite the youngest regions that the sponge has been 
able to establish communication with the exterior on the inside of 
the shell. In all the older parts its attempt to grow inward, and 
the consequent deposit of shell over it, has prevented the for¬ 
mation of apertures. All the papillae are closed at the apex, 
showing that the mollusc can deposit new shell faster than the 
sponge can dissolve it. 

In the case of Cliona, there has been much difference of opinion 
as to the effect on one another of the two organisms. Thus 
while some writers have held that the sponge commonly dies 
first, Hancock’s * opinion was that the death of the sponge came 
only on the breaking up of the shell, when, “ Samson like, it 
perishes amidst the ruin produced by its own energy.” 

Whatever be the case with Cliona , it is evident that the sponge 
has not the best of the struggle in the present case, and it seems 
probable that the species is in a transition condition, and repre¬ 
sents one of the stages in the evolution of shell-boring Porifera. 

The original type inhabited a coral, in which it could grow 
freely in all directions. In the present instance a similar irre¬ 
gular growth has been most injurious if not fatal to the sponge, 
owing to waste of energy in dissolving shell that can be readily 
replaced, and to the deficient circulation resulting from the 
closure of apertures. 

* Hancock, Aim. k Mag. Nat. Hist. iii. 1849, p. 325, 
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It is obvious that any individuals which tended to grow in two 
directions only would stand a very much better chance of sur¬ 
vival, and that the continued selection of such individuals would 
result in highly specialized shell-boring sponges like Gliona 
JSryeri (Hancock), which burrows through Mamma shells of 
extreme thickness, establishing communications for each chamber 
on both sides, without setting up any irritation of the mollusc 
and consequent deformation of the shell. 

The Spicules. —The Skeleton-Spicules or Megasclera are diac- 
tinal and pointed at the end (oxeas). They measure ~\y inch in 
length, and in breadth inch *, and the surface is covered 
with sharp conical spines ; they are therefore somewhat smaller 
than those of A. Millar% Carter, and are rather more strongly 
spined. 

The Mesh-Spicules or Microsclera are diactinal, consisting of 
a slightly hent shaft, blunt at the ends, bearing two whorls of 
papillae, each situated at about one third of the length of the axis 
from the end f. 

There are two forms of these microsclera :— (a) Larger ones in 
which the average length of the axis is inch and the pa¬ 
pillae are sessile, (b) Smaller forms only j-^nr of an inch in length, 
with the whorls of rounded knobs carried out from the axis on 
short stalks, and having consequently greater proportional 
width. These two types are well defined and do not graduate 
into one another. Both were present in A « Millari , but 
apparently only the smaller in the form first noticed as 
u Q-zmmina WallichiiA Fragments of a homogeneous membrane 
which resist the action of acid are full of the small microscleres, 
and probably are remains of a dermal layer. 

There is a third kind of spicule present in the form of slender 
raphides. These were also present in A. Millari f and commonly 
occur in groups of two or three lying at definite angles to one 
another, connected by dried sareode in which the smaller micro- 
scleres also occur in bands forming a sort of network. Possibly 
these bodies are gemmae. 

The most important difference then between this variety and 

* The dimensions are given in inches to compare with the original type. 

t The flesh-spieules of the original specimen were blunt-ended though repre¬ 
sented as acute. Mr. Carter asks me to state that though his initials were 
appended to the plate accompanying the description (Journal Royal Micr. Soc. 
1879, pi, xvii.), this was a mistake, and he is only responsible for pi. xvii, a. 
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the typical A. Millari lies in the absence of the smooth microseas 
(subskeleton spicules, Carter) so* abundant in that specimen. 

Through the kindness of Prof. Martin Duncan, F.E.8., 1 have 
been able to examine preparations of the original specimen, and 
the perfect series of gradations from the smooth aeerate microxea 
to the “ sceptrella 55 type is very striking. The simple forms pass 
into those with scattered papillae, and these again into the typical 
mierosclere with its two whorls. It may be noticed also that 
these “ subskeleton-spicules ” are more markedly diactinal than 
the skeleton-spicules ; they are bent at varying angles, and, as 
Prof. Duncan pointed out to me, in some cases a well-marked 
projection at the augle looks like a rudimentary third ray. 

Inclusion of Foreign Suicides. —The incorporation of a hetero¬ 
geneous aggregate of spicules, sand-grains, foraminifera, &c. in 
the fibrous network of the skeleton is a familiar feature in certain 
sponges. Equally well known is the chance occurrence of a 
foreign spicule embedded in the soft tissues. The phenomenon 
of the presence of a number of similar spicules of one kind in the 
tissues of a sponge which has no general habit of accumulating 
foreign bodies is of a different nature, and important on account 
of the errors it might in particular cases occasion. 

In 1880 Mr. S. 0. Ridley* brought before the notice of the 
Society two cases of monaxonid sponges which had included 
spicules belonging to other genera; but, so far as I know', similar 
instances have not been recorded in the boring-sponges, which 
are indeed the last group in which such an occurrence would 
be expected. 

Among the spicules first examined from the cavities excavated 
in the shell, there occurred a considerable number of rounded 
triangular disks, evidently derived from the dermal layer of some- 
species of Qiscodermia. The explanation at first seemed to be 
that they had been accidentally washed into the cavities after the 
death of the sponge; but the absence of other foreign bodies, and 
the fact that they occur in different parts embedded in the dried 
sareode together with the proper spicules, rendered that expla¬ 
nation untenable. Moreover, I have since found them in another 
specimen from Christiania, and, more important still, a group of 
the same spicules occurs in a preparation of the original specimen 
of Aleciona Mitlari , kindly lent me by Dr. Hinde. 

* Journ, Linn, Soc„ Zool, vol. xv, 1880, p. 149, 
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Bearing in mind the difference in habit between the latter and 
the shell-boring form, the difference in the localities, and the 
freedom of both from foreign bodies generally, this association of 
such widely different spicnles seems especially difficult to under¬ 
stand. Thinking that the determination of the species of Disco- 
dermia from which the spicules are derived and a comparison of 
its habit and distribution might lead to some explanation, I have 
endeavoured to find a record of such a form. 

The spicules are perfectly constant in form and size; in shape 
triangular, with rounded angles and measuring *15 miilim. in 
diameter. The three canals in the disk are well-marked, and the 
rudimentary ray short, conical, and pointed. Over the surface 
are scattered circular papillae. 

The margin is always entire, never lobed—a character of the 
young dermal spicules in many Lithisticls, but not a constant one 
in any known species. 

The nearest form seems to be the Diseodmnia papillafa , 
recorded by Mr. Carter from the Grulf of Manaar In this case 
the papillae are very much smaller and more numerous, w T hile all 
except the youngest dermal spicules are lobed. 

As the species was encrusting and perhaps partly excavating a 
Melohesia , the description suggested the possibility of the pre¬ 
sence of an excavating Discodermia in the shell of Lima, subse¬ 
quently replaced by Alectona. If such were the case, however, 
the skeleton-spicules of the Lithistid would be found as well. 
The fact that only dermal spicules occur, indicates that they have 
been derived from some distance, as they are not only easily de¬ 
tached, but also easily conveyed by currents. 

Systematic Position of the genus Alectona.—In conclusion, it may 
be as well to point out that no satisfactory position in classifi¬ 
cation has been found for the genus Alectona , and that the 
nature of its spicules prevents its inclusion in any of the groups 
of the Monaxonida as defined in recent systems. 

Mr. Carter placed it with other boring sponges in Ms division 
“JEJccoslonida ”f, but there is no doubt that a classification founded 
on a single character must give way to one with a morphological 
basis. 

In Dr. Yosmaer’s arrangement i the genus is placed after 
CUona, but it is only added in the appendix. 

* Ann. & Mag. Nat. Hist, (5) voh vi. 1880, p. 146. f Ibid, p 58, 

J Broun, Eiassen u. Ordnungen des Thierreicbs—Porifera, p. 406. 
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Messrs. Eidley and Bendy * ** , and Dr. E. yon Lendenfidd t, 
have classified the Monaxonida according to their spicular 
characters, but neither arrangement includes the genus under 
consideration. In their division of the ‘ Clavulina ? are included 
forms with microsclera of the “stellate *’ type i and with monactiual 
megasclera. 

If, as the authors of the ‘ Challenger’ Eeport on the Monaxonida 
are of opinion, the microsclera are of more classificatory value 
than the megasclera, it may be possible to place Alectona among 
the Sjpirastrellidce near to Latrunculia , in spite of its diactinal 
spicules. Two species with oxeate skeleton-spicules have indeed 
been included in the latter genus by Mr. Carter §, and Messrs. 
Eidley and Bendy have described as Latrunculia (?) acerata a 
third species with similar megasclera associated with microsclera 
of the tc sceptrella ” form. 

If such a form as this can be retained among the Clavulina , 
the genus Alectona may be placed also in that division; but it 
will possibly be found advisable to establish a new group for the 
reception of those Monaxonids that have oxeate megasclera and 
stellate diactinal microsclera. Moreover, if, as the spiculation of 
the original specimen of A . Millari seems to indicate, the scep¬ 
trella can be derived from a simple oxea by development of 
lateral scattered projections and their gradual localization round 
two centres, the classificatory value of stellate microscleres may 
have to be reconsidered. 

EXPLANATION OF PLATE XIII. 

Fig. 1. View of the inside of the shell of Lima excamta, Fabr., attacked by 
Alectona Millari, Nat. size. 

Fig. 2. Outside of the same shell. Nat. size. 

Figs. 3, 4. Ends of two passages opening on the surface of the shell, x 1(1. 

Fig. 5. Pari of the spicular crust round the opening of one of the same, XT>0. 


* ‘ Challenger } Reports, vol. xx. pp. liii-lxviii. 

t Proc. Zool. Soc. 1887, pp. 558 602. 

J For spicules of the shape of the microscleres of Alectona , Mr. Carter pro¬ 
posed the name of “seepirefla” Messrs. Eidley and Dendy propose the term 

** diseastra ” as a synonym (* Challenger 9 Reports, Zool. vol. xx. p. 263), but 
the forms to which they apply it are monactiual. It would perhaps be useful 
to keep Mr. Carter’s term for diactinal forms, and use dkcastra for monactiual 
spicules like those of Lainmculia . 

§ Ann. & Mag. Nat. Hist. vol. iii. 1879, p, 298; vol. ni. 1881, p. 380. 
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Fig. 6. Vertical section of the shell, passing through the chamber escalated 
by the sponge, and two of the nacreous papillae. X 8. 

Fig. 7. One of the same papillae, x30, showing spicules of the sponge in the 
centre. 

Fig. 8. The skeleton-spicules. XllO. 

Fig. 9. The larger flesh-spicules, x 850, 

Fig. 10. The smaller flesh-spicules. x400. 

Fig. 11. One of the raphides. 

Fig. 12. Part of dermal membrane ? 

Fig. 18. Gfemmule? X4Q. 

Figs. 14, 15. Dermal spicules of a species of Discoclcrmia , included in the tissues 
oft lie sponge. x80. 


On some Hermaphrodite Genitalia of the Codfish (Gadus 
morrhua ), with Eemarks upon the Morphology and Phyto¬ 
geny of the Vertebrate Reproductive System. By G. B- 
Howes, F.L.S., F.Z.S., Assist. Professor of Zoology, Royal 
College of Science, London. 

[Read 5th February, 1891.] 

(Plate XIV.) 

I. Codfish possessed of hermaphrodite genital glands have 
been known since the days of Leewenhoek (1688), Easter 
(1761), Tarrell (1845), Smith (1870), Max Weber (1884), 
and others have since recorded examples. The fullest descrip¬ 
tion of such yet published is that of Max Weber alluded to *, 
to be referred to later, and his excellent paper embodies a 
resume of all that was known up to the time of writing, with full 
references to the works of authorities cited. I have lately 
received from one of my past pupils (Mr. “Walter C. Chappel, of 
Sunderland) the genitalia figured on Plate XIV., and our Presi¬ 
dent has afforded me opportunity of examining five specimens in 
the Museum Of the Royal College of Surgeons, under bis charge. 
My best thanks are due to these gentlemen for their kindness 
and liberality. 


II. I give below 7 the' total lengths of the ovaries of the 

* Nederl. Tijclscln*. v. d. Dierkunde, Jhg. y. Af. 2, p. 21 (1884). 
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specimens examined by Prof. Max Weber and myself. In no 
case was eitlier the length or condition of the fish whence the 
organs were obtained known; hut, except for a fatty degenera¬ 
tion undergone by the testis in the example numbered III., the 
animals appear to have been, in every case, healthy and pro¬ 
ductive of normal sexual elements. 

Table of Measurements of observed cases, with remarks thereon . 

The roman numerals refer to the Catalogue of the Boyal 
College of Surgeons Museum. 

Total length in Centimetres. 

Left ovary. Bight ovary. 

17*5 | 1G'5 ^ 

Testis present at posterior end of each ovary; 
confluence established on each side, by means of n 
short duet entering posterior pointed extremity of 
ovary. 

II. Ohappel 12 | J.(i 

(PI.XIY. figs. 1, 2). Testis present on right side only; confluence as 
with I. 

Ilk 454 0 . 17 | 15 

i Testis (in bulk as large as the two ovaries 
: together) on left side only ; confluence over a wide 
I area of the ventral poster o-external border. Sub¬ 
stance of testis largely fatty and degenerate; 
spermatozoa looked for but not observed. 

19 | 20*5 

Testis on middle left side; confluence estab¬ 
lished over a wide area of poatero* external border. 
Motile spermatozoa abundant. 

12 i 12 

Testis on right side; confluence as for I., IT., by 
well-defined duet. 

YI. 448 ...| 12 | 12 

| Testis on right side; confluence established by a 
i short duct, at anterior extremity of ovary. 

Vtl. 44!) . i 10-5. I 10-0 

| Testis on right side; confluence established with 
anterior extremity of ovary as for YI. 


IV. 440 


V. 447 


I. Max Weber, 
hr. rtf. p. 25. 
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In all six specimens which 1 have examined, both ovary and 
testis bore the normal characters and appearance; and in Mr. 
Chappel’s example, which reached me fresh and unpreserved, the 
colour and general relationships of the organs were in every 
respect normal, and identical with those described by Mar 
Weber (l. c. p. 24). Indeed, except- for an important difference 
in the contents of the two (of. infra , p. 542), and for the presence 
of a remnant of the genital duct, his detailed description might 
serve for the right half of my own specimen. The general 
characters of the several specimens enumerated differ most 
conspicuously in respect to the degree of backward prolongation 
of the ovaries beyond their point of union. In this, however, as 
in the inequality in length of the ovaries of opposite sides, there 
is nothing which changes consequent upon extrusion of the ova, 
together with the ordinary limits of individual variation, will not 
explain. And, moreover, the facts above tabulated clearly 
indicate that, in the Cod, the differentiation of a testis on the 
one or other side does not lead up to a corresponding reduction 
of the ovary. Bather the contrary (of. fig, 1). 

The genital organs of the Codfish are so well known, and Max 
Weber’s description cited is so complete, that it is only necessary 
here to dwell upon certain special details of the specimens 
alluded to above. Firstly, as to the duct connecting the ovary 
and testis. Max Weber alludes to it ( l. e. p, 24) as the “ vas 
deferens—really a tube, 5 ’ &e.; he figures (pi. iii. fig. 2) a style 
passed into it, but tells us nothing of its orifice of communication 
with the ovary. In his drawing it is represented as skirting the 
inner two-thirds of the attached border of the testis ; in my speci¬ 
men (tit., fig. 1) it was much shorter, and the testicular substance 
was set upon it in the manner of a rosette. On laying open the 
duct I found it to he a spacious tube (d.t., fig. 2), honeycombed 
in the manner of that of the normal male, over its upper and 
inner areas. Its lower moiety was longitudinally subdivided by a 
kind of septum (vl\ which shut off a small orifice placing it 
postero-extemally in communication with the interior of the ovary. 
There arose from the postero-internal wall of the ovarian capsule 
a stout membranous fold (2/'.), which projected inwards and 
passed, for a distance of 1 eentirn., towards the orifice of com¬ 
munication with the testis-duct; on nearing that it expanded 
to form a well-marked valve-like structure. It would thus 
appear that not only was there present a duct competent to 
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transport spermatozoa, but tbat a complicated apparatus existed 
in connexion with the same. 

Spermatozoa were found in the testes of similar specimens 
examined bj Weber and Halbertsma {cf. Weber, l c> pp. 26, 
27). Dr. Weber says of his specimen that (p. 24) the contents 
were of the nature of sperm mother-cells and spermatozoa u still 
united into bundles with their heads and tails in apposition,” 
and that neither the male nor the female elements were as yet 
ripe. Mr. Chappel’s specimen reached me, as already stated, 
while quite fresh. The remains of its duet of eominunication 
■with the exterior {d.g, fig. 1) were found to contain mobile 
spermatozoa; and, on careful examination, I was able not only 
to obtain these from the so-called vas deferens, hut from the 
interior of the ovary also. Max Weber and others have sur¬ 
mised that the spermatozoa must, in such cases, ripen and pass 
out through the ovary; and my own observation proves this to 
have been realised. No one has yet detected the passage of ripe 
ova to the exterior in an hermaphrodite Codfish ; and, in strict- 
ness, the declaration of a complete and functional hermaphro¬ 
ditism for this animal cannot he valid until such passage shall 
have been observed. In view, however, of the condition of the 
ovaries, and of the near approach towards maturation of their 
contents in my own specimen and in those of previous observers, 
there can be no reasonable doubt that we have to deal with true 
hermaphrodites, capable of producing both ova and spermatozoa. 

Hermaphroditism among Teleostean fishes is well known. 
Aristotle knew 8err anus to be hermaphrodite; and the recent 
researches of Syrski and Brock # and others t have placed it 
beyond doubt that the hermaphrodite species of that fish are 
regularly self-fertilizing. Among the Teleostei generally the 
hermaphroditic condition is known for 16 genera and 19 species 
at fewest. In three of the former ( Centroloplms , Oplddimn , 
Smarts) the conditions remain doubtful, aggregations of ova 
having been found in the testes. The hermaphroditic condition 
has been recorded among the Olupeuke, Qyprinoidei , j Esoeida, 
Gadoidei , Labroidei , Pcrcoidei , Pleuroneciidce, Scomberoidei , 
Syuamipimes, and Sparoidei —that is to say, among typical and 
wide-spread families of four of the six great orders now custom- 

* Morphol. Jalirb. Bd. iv. 1878, pp. 567 et mj. 

t Cf Brock, and Max Weber, loe. tit. 
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arily conceded, one or two others remaining doubtful * * * § . An 
hermaphroditic condition of the genital glands lias been claimed 
for isolated members of other classes of Vertebrates. It is well 
known to occasionally manifest itself in the Amniota f; it is 
stated to be the constant condition for a solitary Batrachian ; 
Pallas and Beneeke hare recorded it for Aeipemer %, and Semper 
Eor the Selachii§. Again, Langerhans has detected the tails 
of spermatozoa among young ovarian ova of Amphioocus |j; and 
CunninghamT and Hausen.** have described what must be 
admitted to be, at least, a modified form of hermaphroditism in 
the Myxinoids. 

Collation of the literature of this subject brings into promin¬ 
ence two striking facts, viz.:—a. That the frequency of occur¬ 
rence of hermaphrodite genital glands in the Teleostei is common 
and widespread, as compared with other orders and suborders of 
Vertebrata; /3. that whereas in the last-named (setting aside the 
Marsipobranchii, in which the conditions are somewhat special, and 
the Bidder’s organ of the Anura, as to the real nature of which 
we are still in doubt ft) the dominant condition is that of replace¬ 
ment of one of the two testes in an ovary, or dee versa, in the 
Teleostei it is that of the differentiation of the same gland into 
organically continuous ovary and testis. Notwithstanding the 
considerable attention which this subject has received, these facts 
have never before been sufficiently emphasized; and it remains 
now to follow them to their logical issue, and to enquire 
whether they may not have a deep significance. What, briefly, 
is the meaning of the repeated reversion of the genital gland to 
an organically continuous hermaphroditic type, which well nigh 
characterizes the Teleostei among Vertebrates ? 

Max Weber has proposed to distinguish between what he 
terms “true hermaphroditism” (such, for example, as that 
exemplified in the Codfish figured by him, in which testis and 

* For detailed list see Mas Weber, toe, clt pp. 36, 37. 

f Of, Sir Jam°s Simpson’s article “ Hermaphroditism/’ in Todd’s 4 Ency- 
clopd, of Anat. and Phys/ yoI, ii. p. 684. 

t Of. Max Weber, loo. cit. pp. 37-40, 

§ Of. Yan Wijhe, Arehiv f. mikr. Anat. Bd. xxxiii. p, 504 (1889). 

|| Ibid. Bd. xii. 1876, p. 326. 

% Journ. Mier. Sci. n. s. vol. xxvii. p. 49 (1887). 

** Aarsber. Bergens Mas. 1887, op. vii. 

tt Of. Knappe, Morph. Jalirb, Bd. i. p. 480 (1886). 



544 PROF. a. B. HOWES ON SOME 

ovary are continuous ou either side and debouch on to the 
exterior), and those cases in which {loc. cit. p. 29), where the 
sexes are ordinarily distinct, individuals occasionally present 
themselves with testis and ovary on opposite sides. He would 
regard the latter as “pathological”; Brock has, however, 
objected to this distinction * * * § , upon what appear to me good 
grounds. It would he surely preferable to retain the term 
Ci pathological ” for exclusively morbid and diseased conditions; 
and the well-established fact that the same blastema gives rise, 
by diverse modification, to both ova and spermatozoa, justifies us 
in regarding the various conditions of the adults last alluded to 
as degrees of abnormality + and nothing else. 

The belief that the ancestors of the Chordata were hermaphro¬ 
dite, for which Hssckel and others have specially contended, is 
daily gaining ground J. So frequent is the occurrence, and so 
marked are the physiological variations of the hermaphroditic con¬ 
dition of the genital glands among Teleostean fishes, that Syrski 
and Brock have been enabled to classify the same in accordance 
as the species are invariably § or only occasionally hermaphro¬ 
dite, or as they are (Sermnus) or are not ( Chrysoplmjs ) self¬ 
fertilizing. Leewenhoek, in 1888, adduced good reason to 
suppose that in the hermaphrodite Codfish which he examined 
the genital products ripened alternately, and that the animal func¬ 
tioned first as a male. In the specimen which I here figure this— 
the characteristic feature of “ successive hermaphroditism ”— 
had been realized (cf. ante , p. 512). Brock has shown that in 
Chrysofihnjs auratus the male and female genital products ripen 
alternately. Cunningham, in 1887, recorded {loo, cit,) the 
presence of both ova and spermatoblast# in the genital glands of 
the young Hag (Mt/ivinc glutinosa) j and Hansen (loc. cit), work¬ 
ing at the same facts at the same time, has shown this animal 
to be in reality a protandric hermaphrodite, producing mature 
spermatozoa during its earlier existence, mature ova later in life. 
Apart from the fact that this Myxinoid, lowest of the low 
among living Yertebrata, has been thus shown to he regularly 

* Zeitsehr. f. wiss. Zool, Bel. xliv. p. 379 (1886), Of. Max Weber, Tijdsclir. 
cl. Neel. Dierkund. Vereen, ser. ii. I). i. p. 128 (1885-87). 

1* And that only as compared with the now predominant unisexual type. 

X Cf, Van Wijhe, loc, cit. p. 501. 

§ Serf anus cabrilla, hejpafus, scribcc; Chrysojphrys auratus , Pac/allm mom//- 
rus (?). Bor detailed list see Max Weber, Tijdschr. vit. 1884, pp. 36-37. 
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hermaphrodite, the facts above cited are sufficient to suggest 
that the hermaphroditic condition, so marked among the Teleostei, 
may be reversional to, if not realistic of, that which must have 
been the ancestral condition for the ChordataAnd if, as 
seems to me most reasonable, the unieyelic maturation of the 
ovotestis of the Hag is an abbreviated and specialized equivalent 
of the nmlticyelie one of the hermaphrodite Teleosteans, the 
question arises whether, in view of this, the bony flsbes may not 
have retained a more primitive condition of the genital glands 
than have the other Grnathostomata f. On this supposition, 
their frequent reversion to the condition of hermaphroditism 
becomes at once intelligible, and, indeed, is that which might 
be expected. 

Brock has shownj that the reproductive apparatus of the 
Stylommatophorous Pulmonata is laid down upon the female 
plan, and that the later differentiation of the male parts is some¬ 
times never effected. He seeks to apply this principle to the 
hermaphrodite Teleostei (loo, cit. p. 37-1) ; but, from examina¬ 
tion of such of the latter as I have been able to obtain, I am 
strongly of opinion tliat further investigation will prove him to 
have been mistaken. 

“ Laulanie has attempted to distinguish between successive phases of sexual 
neutrality, hermaphroditism, and unisexuality, in the ontogenetic development 
of the genital glands of the Amniota. He institutes comparisons with what he 
believes to have been the phylogenetic evolution of the organs named, and builds 
up an argument for primitive hermaphroditism (Comp. Head. t. ci. pp. 393-305, 
1885, A Bull. Soc. Toulouse, t. xx. pp. 13-16). Unfortunately, his observations 
are insufficient and of too incomplete a nature to justify the full acceptance of 
his statements. 

1' Experimental researches of the. last six years have considerably modified 
the old belief that access to the sea is indispensable for the maturation of the 
genital glands of the Sahnones. Not only have fish been found in the Parr 
stage with functional testes, but Bay and Maitland have succeeded in rearing 
young from the eggs of 32 months’ land-locked Parr of Sahao sahr (Trans. 
Linn. Soc. Lond., Zool. see. 2. voL ii. 1885, p. 447 \cj\ also Bay’s ‘ British and 
Irish Salmonidee, 1 pp. 101 et iseqq*]). In view of the above considerations, the 
probability that the earlier maturation of the genital gland of the male 
Salmonoid may bo the expression of an ingrained tendency towards regular 
hermaphroditism must not be overlooked; and 1 would suggest the same 
interpretation of the recent discovery by Holt, that in the Mackerel the male 
organ would appear to be the first to mature (Trans. E. Dublin Soc. vol, iv. 
scr. 2, p. 437, 1891). 

+ Zeitschr. f. wiss. ZooL Bd. xliv. p. 374 (1886). 
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It is interesting, in view of this and in its possible bearing 
upon the ancestry of the Chordata, to recall the fact * * * § that the 
Tumeata, unlike the higher hermaphroditic Chordata, are mostly 
protogvnous, 


III. That the genital duets of adult Teleosteans, when present, 
are invariably continuous either with the membranes which 
suspend the genital glands or (most modified term) with those 
which invest them, is well known. They are frequently paired, 
becoming median and unpaired only when the glands are, as in 
the female Cod, united and saccular. The steps in the realization 
of this continuity have been worked out by Jungersen f and 
others. The urino-genital organs of the Teleostei differ col¬ 
lectively from those of all other Vertebrates, with the exception of 
the G-anoidei and MarsipobrancMi, in the absence of undoubted 
vestiges of the genital ducts of the opposite sex. 

Balfour, in dealing, at the end of his career, with the develop¬ 
ment of the urino-genital system of the Vertebrata generally, laid 
it down as his final conclusion i that the ducts of the Teleostei are 
most probably 44 in both sexes . . . modified Mullerian ducts” {cf, 
l. c. p. 608); and he further pointed out that while analogy 
would suggest that they might (p. 580) 41 correspond with the 
Miillerian ducts of Elasmobranehii,” &c., on this point there was 
u no positive embryological evidence.” Balfour was contending 
for his belief in the homology of the “Miillerian ducts” through¬ 
out the Vertebrata, as tubes formed in relation to the head 
kidney and to a splitting of the segmental duets §. The tendency 
of post-Balfourian investigation into the morphology of the ver¬ 
tebrate urino-genital system has been towards the overthrow of 
this conception; and, indeed, with the recent discoveries of Van 
Wijhe ||, Marshall and Bles IT, and others named on the next page, 
the Elasmobranehii occupy a well nigh isolated position as the 
only great group of Vertebrata for which it has not been either 

* Of Herdman in * Challenger ’ Reports, vol. xiv. Tumeata, p, 28, 

f Loc. cit. p, 179, 

f Oomp. Embryology, vol, ii. p. 605. 

§ Of Sedgwick, Quart. Journ. Mier, Sci. n. s, vol. xxi, p. 468 (1881). 

I Archiv f, mikr. Anafc. Bd. xxxiii. p. 461 (1889). 

Studies Biol, Lab, Owens OolL Manchester, vol, ii, p. 185 (1890). 
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overthrown or, at least, challenged on tolerable grounds. Bal¬ 
four and Sedgwick were the first to clearly show that the 
Mullerian duct of the Amniota might be (chick) a compound 
structure, for the first part of its course split off as a solid 
and hackwardly-extending rod “ from the outer or ventral 
wall of the Wolffian duct.” Concerning the “posterior part 
of its course,” Balfour wrote that “ its growing point lies in a 
bay formed by the outer walls of the Wolffian duct, hut does not 
become definitely attached to that duct. It seems, however, 
possible that, although not actually split off from the walls of 
the Wolffian duct, it may grow backwards from cells derived 
from that” {Joe. cit . p. 592) # . 

Conspicuous among the post-Balfourian researches afore 
alluded to are those of Milhalkovics t, Jungersen f, Wieder- 
sheim §, and others, which have revealed the fact that the 
Mullerian duet of the Amniota is formed, mainly if not entirely, 
as a derivative of the peritoneum, wholly independent of the 
Wolffian duct, arising far forwards and gradually extending 
back. Jungersen’s extensive inquiry was especially directed 
towards the Teleostei. He found that the genital duct of the 
female arises as a peritoneal derivative, formed late—that is, sub¬ 
sequently to the differentiation of the genital gland, with the 
investment of which it becomes subsequently connected ||. 
Belying upon his discovery of this independent origin he argues, 
from analogy to the independent origin of the Mullerian ducts 
of the Amphibia and Amniota, in favour of an homology between 
the two, and shows IT that the genital duct of the female Teleostean 
may be looked upon as either partially or entirely homologous 
with the Mullerian duct proper, in accordance with different 
views which he formulates. 

Jungersen has observed that whereas in the females the 
genital duct arises independently of the gland, in the males the 
two appear to be from the first continuous; and he urges 
this as a fundamental distinction between the sexes. The 
leading variations in the structure and relationships of the fully 
* Cf, also Quart. Journ. Micr. Soi. vol, xiv, n. s. p. 9 (1879). 
f Mouth. Internat. Journ. of Anat. & Hist. vol. ii. p. 284 (1885). 

1 Arbeit, a. d, Zool. Zoofc. Instit, Wurzburg, Bel. ix. p. 89 (1889). 

§ Archiv f. mikr. Anat. Bel. xxxvi. p. 410 (1890). 

|| Loc. cit . pp. 179 et seqq, If Loc\ cit pp. 192-200. 

LDsX. .TOTJRN.—ZOO LOOT, VOL. XXIII* 39 
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formed duets of the males and of those females in which they are 
completely closed are well known to affect the opposite sexes 
indifferently ; these weighty facts of anatomy hear out Balfour’s 
deduction \cf infra) that the ducts arc homologous in both 
sexes, and completely override the force of Jungersen’s dis¬ 
covery. By a Mullerian duct we understand one invariably 
arising far forwards, either in relation or immediate proximity to 
the head kidney, when such exists, and becoming for the most 
part completed by a process of backward extension. The re¬ 
searches of Jungersen show clearly that the one distinguishing 
feature of the Teleostean genital ducts is their restriction, alike 
in origin and relationship, to the posterior genital region ; and, 
whatever may be said for their supposed homology in the two 
sexes, this fact is, to my mind, fatal to the supposition that that 
of the females represents a Mullerian duct as ordinarily under¬ 
stood. 

Jungersen’s Teleostean’s genital duct arises, like Balfour and 
Sedgwick’s posterior segment of the Chick’s Miillerian duet, late, 
and in juxtaposition to the base of the Wolffian or segmental duct. 
The Miillerian duct of the Anura is asserted by Hoffmann * to 
arise for the most part as a backwardly extending derivative of the 
peritoneal epithelium. Fiirbringer describes the Miilleriau duct 
of the ITrodelaf as formed ( Salmnmdra) of an anterior seg¬ 
ment derivative of a thickened and backwardly extending portion 
of the peritoneal epithelium, and a posterior one arising as a 
solid product of the wall of the pro-renal duct £. These facts not 
only strengthen the conclusion that the female genital duct of 
the Amniota and Amphibia is in all probability a compound struc¬ 
ture, but, in view of the isolated position of the Elasmobranchii 
already referred to on p. 546, they suggest that it may not be 
serially homologous for the three groups. Upon this possibility 
future investigation must decide. The facts, taken in conjunc¬ 
tion with those to which I have herein drawn attention, point, 1 
believe, most markedly, to another and simpler conclusion, viz.; 
that the genital ducts of the Teleostei are in both sexes distinct 
from those of Elasmobranehs, Amphibians, and Amniota, and that 

* Zeitsehr. f. wiss. Zooi, Bel. adiv. p. 594 (1880) {vf Marshall & 131es, 
op. clt. pp. 142-148)., 

f Morph. Jahrb. Bd. iv. p. 81 (1878). 

X Of. v. Wylie & Jungersen, op. cit . 
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they are (as lias been alreaJ y suggested for that of the females by 
McLeod % Brockt, mil Affix Weber J) independent structures 
mi generis. At the saw time I consider it mot improbable, 
from the facts afore cat cl, that the posterior moiety o£ the 
Mullerian duct of at 1 e-ash the Amphibia and Aniniota maybe 
the vestige of that whidiliLs survived in the Teleostei, and that 
its anterior moiety is &, snore recent structure which has re¬ 
placed the latter in time* * * § , 

Brock inclines to the l>sLi«ef that the hermaphroditic condition 
of the genital glands has 6«een independently evolved within the 
vertebrate phylum. I vextmre to think that had the discoveries 
of Cunningham and Hansen (ante, p. 543) preceded Brock’s, 
he would have arrived ab a different conclusion. These and 
the constantly hermapfoodibic habit of the Tunicate appear to me 
irreconcilable with his suj position, to say nothing of the facts 
which I have emphasised m dealing with the Teleostei (ante, 
p. 545) and of Langerkaus’ discovery of spermatozoa in the ovary 
of Ampldoii'us, While I entirely disagree with Brock’s second 
proposition, I fully acquiesce in his first, and with Beard § regard 
both Teleostei and Gaxoicfe as at all stages wholly destitute of 
Mullerian ducts. The gcmital duct of these fishes is, like the 
gland which it serves, hermaphroditic in tendency ; and, in 
view of the facts and eonsderations with which I have dealt, 
1 consider that their reproductive system may, most satisfac¬ 
torily and with some foundation, be regarded as the most 
generally primitive among Irving Gnathostomata. 


1Y. Huxley, in 1883., (few attention j| to the lack of apprecia¬ 
tion which has attended. Skithke’s observations on the genital 
ducts of fishes; and ha p*o«c&eded to describe the parts now in 
question in the female fctadb (Osmerus eperlanus), showing them 
to he readily harmonizable with those of the other Salmonoidei 
and Ganoids, Zepidostm $■ excepted. The Smelt’s ovary is, as 

* Arch. d. Biol vd. it. p. 407 (1881). 

t Zeitscbr. .visa Sool. Bel xliv. p. 875 (1880). 

t Morph. Mrrk Bd. adi. p. 396 (1887). 

§ Anat Ana. HMHh, p. 158. 

J Proc. Zoot Soo. Xond. 1885, p. 18‘>. 

39 * 
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Huxley shows, lamelligerous and freely pendent, and reflected 
'irentro-extemally; while its duet is incompletely tubular and 
directly continuous with the mesovarium. The duets of opposite 
fldes pass back, converging as they do so, to communicate with 
the exterior through the mediation of a shallow sac opening 
by a porus genitalis disposed immediately behind the anus, 
Huxley has pointed out, among other things, that this pore can 
have nothing to do with the pori abdominales of Ganoids and 
Elasiiiobranchs; and, were not his reasoning sufficient, the later 
discovery by Max Weber* * * § of the general co-existence of the two 
in Salmonoids disposes of future mis understanding on this 
point. 

Balfour and Parker have shown (as Huxley points out f) 
that the oviduct of Lepidostem passes through an Osracroid stage 
in its development; and the recent researches of Jungersen have 
proved $, on appeal to embryology, that the oviduct of Osmerm 
is, as Huxley supposed, homologous with that of all other bony 
fishes and Ganoids. 

is now known that whereas in the majority of Teleosfcei and 
ill Lepidostem the ovary is a closed sac, lodging a central cavity 
continuous with the lumeu of its duct, in the Omeroidei and 
the remaining Ganoids the former is a folded plate and the 
latter a more or less incomplete tube with a wide ostium ; while 
xn the Sal mo lies, Mures aides, and Colitis §, as in the Galoot tide# 
Motopteridcs , and Hyodon |j, the “ oviduct ” is either insignificant 
or absent. 

Jungersen’ s researches place it beyond doubt that the genital 
pores of those Teleostei devoid of genital ducts arc one and the 
same with the ostia of the latter when present. Belying 
upon his discovery that the genital glands are well differeu- 
tiated before traces of their ducts ever appear, he has concluded 
(he* cit . p. 183) that the ductless condition must have been the 
more primitive one. Against this must be set i., the invariable 

* Morph. Jahrb. Bd. xii. p. oGO (1887). 

t Zoo. cit p. 136. 

t Lo ^ cit pp. 181 & 192. 

§ Batlike, “Feb. cl. Darmkanal u. d. Zeuguugsorgane d. Fiscke,” Sekriffc. cl. 
natui-f. Gesellsck. z. Danzig, H. iii. Bd. 21 (1824).' 

,. , 1 Of- Gunther, ‘Introd. to Study of Fishes,’ p. 158; and Jungersen, loc, cit . 

PP-14 182-3, 



HERMAPHRODITE G EXIT ALTA OF THE CODFISH. 


551 


presence of the duets in the male Teleostean; ii., the undoubted 
fact that the general organization of Osmerus is of a much lower 
type than that of either Balrno or Cobitie , not to say than that of 
the other ductless genera named. 

On the whole, I am inclined to acquiesce in the view of 
Rathke Huxley f, and Balfour $, and to regard the Salmonoid- 
Mursenoid type as the expression of a loss of the ducts; but I look 
upon the Osmeroid type as the lowest term in the series, and 
consider the more typically Teleostean condition (ex. Gains) on 
the one hand and the Salmonoid-Mursenoid one on the other, as 
having resulted from divergent modification of the former 
along opposite lines. Huxley has proposed § to term the closed 
condition (ex. Gains) the Cystoaricm, and that of the Smelt the 
Masmoarian , and for the ductless type the designation Gym- 
noarian may perhaps suffice. I would point out, in support 
of my conclusion, that Argentina , whose genital glands have 
been shown by Max Weber jj to be in a less specialized con¬ 
dition than those of Osmerus , has well-developed ducts; and 
that the researches of McLeod, Balfour and Barker, and Brock 
have shown the eystoarian type to pass through an elasmoarian 
stage. Further, by way of guarding against future confusion 
between the simple so-called “ oviductof the Teleostei and 
Ganoids and the more complex Mullerian oviduct of other Yerte- 
brata, which are in all probability non-homologous, the former 
might be termed the ovary-duct. 


V. To turn, in conclusion, to the Mampohranchii. The 
genital organs of these fishes discharge their products through a 
couple of perforations in the side walls of the so-called urinary or 
urino-genital cloaca, Miiller long ago described in relation to 
these so-called “ abdominal pores ” membranous tubes; and 
Yogfc and Pappenheim have described in relation to each a short 

* Log, cit, pp. 124-125. 
f Proc. Zool. Soc. Lend. 1883, p. 137, 

J Comp. Emb. vol. ii. p. 580. 

§ Lectures, 1884. For permission to embody the terms employed in tills para¬ 
graph, the author acknowledges his deep indebtedness to his honoured master, 
j| Morph, Jahrb, Bel. xii. p, 895, 
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canal. Unfortunately, subsequent investigation has not borne 
out these statements 

The urinary and genital pores of the Teleostei open upon the 
exterior, as is well known, either independently or through the 
mediation of a common urino-genital sinus, and the two orifices 
may, in some of the first-named cases, be embraced by a tegu¬ 
mental fold suggestive of a vestige of the sinus named. In view 
of the researches, more especially of Huxley, Balfour, and 
Jungersen, already recapitulated, it can hardly be doubted that 
the genitalia of the Ganoids and Teleostei conform to a common 
type, variable in nothing more than degree of inter-communica¬ 
tion between the genital and urinary ducts. That the cystoarian 
condition, as exemplified by Legidostem on the one hand and the 
majority of living Teleostei on the other, would appear to have 
resulted from a parallelism of modification is, I think, suffi¬ 
ciently clear. 

I have shown reason (ante, p. 548) for adhering to Balfour’s 
belief that the generative ducts are homologous in both sexes of 
Teleostei; and if it be true of them it must he so of the Ganoidei 
also. If this is, as I believe, sound, it is fair to assume, in con¬ 
sideration of the facts of anatomy and development recapitulated 
in the foregoing pages, that there must have existed a piscine type 
in which the male apparatus was in the elasmoarian condition— 
in which, that is to say, the so-called “ vas deferens ” was an in¬ 
complete tube with a wide ostium. No iehthyotomist will need 
to be reminded that this is precisely the condition of the parts 
in the Sturlones, except ihat no one has yet succeeded in proving 
that the duct transmits the spermatozoa f. In the fttiiriones the 
genital glands extend throughout the whole length of the post- 
pericardiac coelom; and Max Weber’s discoveries among the 
Salmonoida J show that in the higher Osteichthyes wo have to deal 
with, an abbreviation of this condition. In fact, the Sturgeons 
present us with exactly that which my hypothesis demands. 
Balfour and Parker have concluded § that ££ the most primitive 

* Of, Ewart, Jouru. Anat. & Piiys. vol. x. p, 488 (187fi). 

t (Jf, Hyrfcl, Denksclir. Akad. Wien, 1855, pp. 1-5; Johannes Miiller (Ilyrtl 
cit.}, and Jimgersen, foe. eft. pp. 185-187. 

t And especially Argentina , see Morph. Jalirb. Bel xii. p. .‘>05. 

§ Phil. Trans, 1882, partii. p. 42£>. 
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type of Ganoid genital ducts is found in the Chondrostei.” In 
consideration of the facts alluded to on p. 551, I would go further 
and suggest that the general plan of structure of the Ghon- 
drostcan’s genitalia is the most primitive of that of all living 
Gnathostomata, and that it most nearly realises that type from 
which the latter originally diverged. 

The Salmones are among those Teleostei in which the ovary- 
ducts are absent, and the urino-genital sinus in them (PL XIV. 
figs. 3 & 4, s.) assumes the form of a well-defined sac which receives 
the ureters posteriorly (bl. n ) and is in the female perforated late¬ 
rally by the pori genitales (ef. br." of jig. 3). Comparison of the 
male (fig. 4) shows these pores to correspond in position with the 
ostia of the genital ducts (J.y."). These facts have been long ago 
described and figured by Cams and Otbo*. Comparison of 
those Sal monoids possessed of both ahdomiual pores and ovidueal 
slits (figured by Cams and Otto and by Max Weber) with the 
Marsipobratiehs, seems to me little short of fatal to the view 
entertained by Balfourf, Bridge $, and others, that the pori 
genitales of the latter represent the pori abdominales of Elasmo- 
branchs, Ganoids, and Telcosteans. If they do, in entering 
into relationship with the walls of the urinary sinus they 
must have undergone a translocation for which there is no 
suggestion of a parallel elsewhere. On the other hand, com¬ 
parison of both sexes of the Marsipobrauchs with those of the 
Salmones points, much more naturally, towards a direct homology 
between the parts in question. Deepen the sac of the female 
Salmon (fig, 3), even to the extent of that of the male (fig. 4), 
or shorten that of the Marsipobraneh, and it would be difficult 
to distinguish between the two types. And if, as Scott asserts §, 

l!< Erliiutcrungfltafeln z. vergleicliond. Anat., Heft. v. Leipzig, 1840, pp. 8-0, 
pi. iv. fig. 5 & pi. y. fig. 3. 

1* Journ. Anafc. & Phya, vol. x. pp. 34-85 (1870). 

;f, Ibid vol. xiv. p. SO (1870). 

§ Morph, Jahrb. Bd. vii. p, 107 (1882). Of. Shipley, Quart. Journ. Mier. 
Sei. n. s. vol. xxvii. p. 352 (1887). Compare also the account of the develop 
meat of the urinary ducts of the Teleostei, given by McIntosh and Prince, 
Trans, 11. Soc. Eclinb. vol, xxv. part iii. p. 785 (1890). Most interesting and 
suggestive in view of Scott’s declaration is the recent discovery by Liszt (Ze.it,schr. 
wiss. Zool. Bd. xlv. p. 595, and Anat. Anz. 1890, p. 640) that in Crenikhms 
paw the so-called urinary bladder of the embryo opens for a short time into 
the base of the aliment-ary canal 
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the urino-genital sinus of the Marsipobranch is a hypohlastic 
sac, split off from the enteric tube, the difficulty of liomolo- 
gizing the perforations of its side walls with the cloaca! pits 
of the other Pisces, which are epiblastic in origin, will be still 
further increased. With this the mind reverts to Bathte’s 
original view* * * § , shared by Gegenbaur and others, that the 
Maraipobranchii should be included in tbe category of those 
fishes which have lost their genital ducts. 

Inasmuch as their ducts are absent in both sexes, they may 
he said to be in a gymnogonarial condition, as distinguished from 
the gymnoarian Osteichthyes, in which the females only are 
ductless. 

The chief obstacle in the way of accepting Bathke’s view has 
undoubtedly been the failure of embryologists to find traces 
either of a splitting of the segmental duct or of parorchis and 
parovarium in the young of these fishes. If the view of the 
phytogeny of the Teleostean “ ovary-duct ” which I have sought 
to establish should remain valid, this objection will have been 
largely dispensed with; for, inasmuch as the Marsipobranehs, 
together with the &kZmones, Murcenidce, Ga l axiidcB, No top ter idee, 
Syoclon , and Colitis , would appear to have lost not the Mullerian 
duct but the primitive and hermaphroditic ec ovary-duet,” the 
demand for vestiges of the former will be no longer a sine qitti 
won, 

Balfour has long ago pointed out f that “ the condition of the 
urino-genital organs in Selachians is by no means the most primi¬ 
tive found amongst Vertebrates.” Powerful arguments in favour 
of a belief in convergence of the living Marsipobranchii, Ganoiclei, 
and Teleostei towards a common stock, unrepresented at the 
present day, have been lately put forward J by Beard. Edingor 
has shown the structure of the prosencephalon of the Batoidei to 
be more primitive than that of the Sharks, and 1 have been 
enabled to prove § that, with respect to its dorsal mesentery, the 
Torpedo Hyp nos siibniyrmn is far more primitive than all other 
Plagiostomes. The latest paleontological researches of Oope|| and 

* Loc . ciL p. 123. 

f Journ. Anat. & Pkys. vol. x. p. 28 (1876). 

t Anat. An*. 1890, pp. 146 & 179. 

§ Proc. Zool. Soc. Loncl, 1890, p, 671. 

|| Amer. Hat. vol. xxiv. p. 402 (1890). 
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Smith "Woodward* have forced them to conclude that both the 
living Elasmobranchs and Teleosteaus are specialized members of 
their types; they look upon the two as equally ancient, and as 
connected with some lower types of greater antiquity, now 
wholly extinct. Putting all together, I accept their conclusions, 
except so far as they involve the so-called archipterygial typo of 
flu; and that the facts and considerations dealt with in this paper 
tend in the same direction will, I trust, be obvious from the 
context. 


VI. Le^idosteus is well known to be the only living cystoarian 
Ganoid. Balfour and Parker, when dealing with its reproduc¬ 
tive organs, observed that its ovary and ovary-duct pass through 
an Osmeroid stage (cf. ante , p. 550). On having concluded f 
that the genital products of the male are transported by vasa 
efferentia through the mesonephros, they suggested that “the 
Teleostei must .... have sprung from Ganoids in which the 
vasa efferentia bad become aborted.” Juugersen has shown 
reason for doubting this observation (made only upon one 
specimen of 60 centim. in length) t; but even if it should hold 
good, I am of opinion that their suggestion by no means follows 
as a logical conclusion. Por equally good arguments might be 
brought forward to show that Lepldosteus , instead of repre¬ 
senting, as they would have us believe, a type transitional in 
these respects between Elasmobranchs and other Ganoids, might 
typify a culminating term in the Ganoid series as now represented ; 
the “vasa efferentia ” as it were, first appearing instead of 
languishing. The position of 'Balfour and Parker assumes that; the 
type of structure exemplified in the urino-genital system of the 
living Elasmobranchs is necessarily more primitive than that of 
the Ganoids and Teleosteans. All subsequently discovered farts 
of comparative embryology of the system named are in complete 
opposition to this; and it will, I trust, be admitted that the general 
structural features of Zepidosleus are most nearly in harmony with 

* British Mas. Oat. Fossil Fishes, vol. ii. pp. xi,xxi (1891). 

f Phil, Trans. 1882, part ii. p. 424. 

.}■ Loc, cit . p. 188, 
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the views herein put forward {cf. p. 552). Indeed, the study of 
Lepidosteus , and of the facts just briefly alluded to, suggests—if 
it be granted that the Chordata were primitively hermaphrodite,— 
that the differentiation of the Wolffian and Mullerian ducts 
was associated with the first step towards unisexual ity, and that 
the presence of remains of the one or other of these ducts in the 
opposite sexes of the Vertebrata in the form of a non-functional 
vestige is far from being an index of hermaphroditism, as 1ms 
been frequently supposed. 

My friend Prof. W. N. Parker has lately shown * * * § that in Fro- 
topterus Mullerian ducts are present in both sexes, lie has 
further made the very important discovery t that in the male 
vasa efferentia are absent, the testis-duct being, like that of 
Osteichthyes, continuous with its gland—or, to state the Facts 
otherwise, that epididymis and vas deferens are unrepresented. 
Prom my standpoint two most striking conclusions arise from 
this, viz.:—(a) that in the perfection of uuisexuality the formation 
of the Mullerian duet must have preceded that of the vas deferens; 
and (j3) that the Dipnoi must have struck off from the parent 
stock during the interval in the differentiation of the two :ji. 

The living Vertebrata, as classified by their urino-genital system, 
fall into two readily discernible series, viz.:—(a) the Nephror- 
cliklio series, embracing the Elasmobranchii, Amphibia, and 
Amniota, in which vasa efferentia are present and the excretory 
organ is an accessory to reproduction in the male ; (J3) the Ewthor- 
c1iidic§ series, embracing the Ganoids, Teleostei, Marsipobranchii, 
and Dipnoi, in which vasa efferentia are unrepresented, and the 
Wolffian or segmental duct is exclusively renal in function* 
That the latter type must be looked upon as the more primitive 
is clear, from all recent discovery in the morphology of the 

* Beriehte d. naturf. Gesellsch, Freiburg L B., Bd, iv, Hoft «>, p. 22 (1888). 

t As yot unpublished I here acknowledge my indebtedness to him for 
permission to mention his observation. 

t It follows from this that whatever be the affinities of the Dipnoi, they can 
have nothing to do with living Ganoids, Indeed they appear to mo to have left 
the Holocephalie branch of the Elasmobranch stock prior to the differentiation 
of the immediate ancestors of its living members. In this belief and in my 
views of the inter-relationships of the Ichtbyopsida, I find myself in complete 
harmony with Beard (cf. Anat. Anz. 1800, p. 180). 

§ evO-bs, straight. 





HEHMAHIKOJDITE GENITALIA OF THE CODFISH. 


557 


urino-genital system. The Dipuoi appear to occupy a partially 
central position in the collective series: and while the Marsipo- 
brandhii are undoubtedly referable to a much lower stock than 
all other living Chordata with the exception of Amphioms and 
the Tunieata, their living representatives would appear to have 
suffered the loss of their genital ducts. The facts concerning 
them, as I have endeavoured to interpret them, point to an 
apterygial* Chondrichthyan with hermaphrodite duct bearing 
genitalia as, to my mind, the most logically conceivable ancestor of 
the living Vortebrata. 


1 claim for my hypothesis,—i., a not inconsiderable foundation 
in fact j ii., that it enables us to harmonize the facts of mor¬ 
phology of the genitalia of Vertebrates (and especially those of the 
Qsteichthyes so long considered anomalous), at least as satis¬ 
factorily as any other yet postulated. It renders explicable the 
absence of vestiges of the ducts of the opposite sexes in the 
Qsteichthyes and Myxichthyes , in that they would appear to have 
never been formed; and it furnishes at least a possible explana¬ 
tion of the constantly recurring reversion of the Teleostean 
genital glands to an hermaphroditic type. 

EXPLANATION OF PLATE XIV. 

Fig. 1. Genital glands of an hermaphrodite Codlish ((radas morrhmt) ; with 
remains of genital duet, urocyst, and suspensory ligaments. Ventral 
aspect. One half natural size. 

Fig, 2. The same; head of right ovary with testis-duct, laid open to show their 
interior and details of communication. Natural size. 

Fig. 3 , Sal mo solar, § Dissection to show the interior of the urino-genital 
sinus, and relations, to the same, of the urinary and genital ori/iccH, 
After Oarus and Otto (ref. see p. 553). 

Fig. 4, Salmo solar, $ . Comparison dissection to fig. 3. After Oarus and 
Otto. 


* I would suggest this term to express the absence of paired tins, as dis¬ 
tinguished from the apodal condition in which the pelvic members are alone 
wanting. 
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Jtefhn/ce letters. 


a. Amts. 
at. Intestine. 

hi'. tJrofypi (so-called urinary 
bladder). 

hi". Orifice of the same. 
hr'. Bristle passed from interior 
of right ovary into testis- 
duct. 

hi*". Bristle passed into porus 
genitalis of right side. 

(!.(/'. Genital duet. 
il.cf 1 . Orifice, of the same. 


d.t. Testis-duct. 

>n.s f . Suspensory ligament of ovary, 
m.s". Mesenteric fold. 
or'. Right, ovary. 
av”. Left ovary. 

Is. Testis. 

s. Urino-genital sinus. 
f\ Longitudinal septum of testis- 
duct. 

v u . Valve-like fold at base of 
testis-duct. 
v.o. Ovarian vein. 


A. Revised Classification of the Ttoicata, with Definitions of 
the Orders, Suborders, families, Subfamilies, and. Genera, 
and Analytical Keys to the Species. By W. A. Hebdmah, 
D.Sc., P.L.S., Professor of Natural History in University 
College, Liverpool. 

[Bead 5th February, 1801.] 

Dupjng- the three years which have elapsed since the last part 
of the report upon the Tunicata collected during the ‘ Chal¬ 
lenger’ Expedition was written, I have had opportunities of 
examining, more or less in detail, many large collections of Tuni¬ 
cata from various parts of the world, including especially three 
important series of specimens from Australian seas which are 
now in my laboratory, viz.:■—the collection of the Australian 
Museum, Sydney (from which I am drawing up a Museum Cata¬ 
logue) ; a collection made by Mr. Braeebridge Wilson in the 
neighbourhood of Port Phillip, and sent to me for description by 
Prof. Baldwin Spencer; and, lastly, the collection made by Prof. 
Haddon in the Torres Straits. I have also been able to make a 
number of observations from the living animals on various parts 
of our own and the Drench coasts. Consequently I feel that I 
am in a position now to revise the classification put forward in 
the 4 Challenger ’ Report, to deal with those few genera not in¬ 
cluded in that work and those described since 1888, and to 
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differentiate, so far as can be done in tabular form *, under each 
genus the numerous species not represented in the ‘ Challenger ’ 
Collection. 

There has never been any sufficiently comprehensive work 
on the Tnnicata describing all the known species, and although 
this present classification and series of tables cannot pretend 
to be such a revision, still it may he useful as a preliminary 
essay in that direction, clearing the ground and marshalling 
the species in groups. I can scarcely hope that my system 
of classification will commend itself at all points to my fellow- 
workers ; in the primary divisions and subdivisions, however, I 
have made practically no change upon the c Challenger 5 system, 
which has been adopted by most writers on the Tnnicata since. 
Still less can I hope to have escaped error in the enume¬ 
ration and arrangement of the numerous species. The literature 
of the Tnnicata is so scattered, and many of the descriptions 
so meagre or even misleading, that it is very difficult in the 
first place to collect the literary material, and in the second 
place to arrange it correctly. The first to attempt this work 
in a group is pretty sure to commit sins both of omission 
and of commission, hut may reasonably hope for lenient treat- 
ment from his critics. 1 shall be very glad to receive and 
acknowledge corrections and additions to the lists. 

I desire to acknowledge with cordial thanks the very efficient 
assistance I have received from two advanced students of 
University College, Liverpool, Miss A. E. "Warham, JB.So., 
and Miss J. EL Vi 1 liner, who, while working in my laboratory 
during the past year, have prepared for me microscope specimens 
and drawings of a very large number of Ascidians. Miss Warham 
especially has devoted a great deal of time to seetioniziug muno- 
rous colonies of Compound Ascidians; and both ladies have 
undertaken a part of the laborious work of ldoking-up references, 
of collecting together the various species of the genera and 
of comparing the characteristics given by different authors, 
and so have enabled me to complete the tables much sooner than 
with my very limited leisure would otherwise have been possible. 

Although a linear classification, such as this of necessity is, 

* Occasionally the characters made use of in some of the tables are not quite 
satisfactory. It is not possible in all cases to distinguish allied species by 
one or two characteristics bristly put. They will serve, however, to indicate 
which original descriptions should be consulted. 
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cannot express adequately the relations existing between the 
various groups, still I believe that these groups are all natural 
assemblages, with the exception ot* the “Aseidhc Composite,” 
which is to he regarded as being polyphyletic in origin, having 
been derived from several distinct groups of simple Aseidians 
which have independently acquired the property of budding so as 
to form colonies. 1 believe, then, that although it is a matter of 
convenience to retain still the suborder Ascidiao Composite, it 
may some clay become necessary to break up this artificial assem¬ 
blage of colonial forms, and to place the sections beside their 
nearest allies amongst the Ascidico Simplices. 

1 have purposely abstained from being too critical in regard 
to closely related or poorly defined genera and species, believing 
it to be more useful in this preliminary revision of the group to 
admit all such doubtful forms if they have any characteristic by 
which they can be distinguished. A number of the older species 
of the Tunicata require to be examined afresh (those it is possible 
to obtain) and re-described, as the original descriptions are no 
longer sufficient to characterize them properly and to distinguish 
them from the numerous species which have been described (more 
fully) since. I have thought it better to err on the side of ad¬ 
mitting into the tables some of these imperfectly characterized 
species rather than to run the risk of doing an injustice to former 
authors by suppressing species which may eventually turn out to 
be distinct aud entitled to recognition. Others of the older species 
which in the present state of our knowledge cannot be placed in 
the tables, but which I do not hmo to be mere synonyms, have 
been referred to in footnotes or put in separate lists under the 
genera to which they probably belong. 

1 have inserted the authorities and the dates of formation of 
the various groups, but have not considered it necessary to 
encumber the text with references to the original papers. There 
can be no difficulty from the author’s name and the date in 
finding the work in question in any bibliography of the Tuni¬ 
cata, such as that given in the ‘ Challenger ’ Reports I have 

* It is unnecessary to acknowledge in detail the full use I have made of the 
published works of my predecessors and fellow-workers at the Tunicata, as I 
have ransacked every paper known to me for lists, characters, and other hints 
as to the affinities of those species I have not been able to examine myself. I 
have found specially useful the recent papers of Traustedt, 81 niter, von Drasche, 
and Lahille, 
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also, after the authorities for the species, given in brackets a 
brief indication of the geographical distribution of each species, 
and have there made use of the following contractions:— 
N. Atl. (North Atlantic); S. Atl. (South Atlantic) ; N.W. Ear. 
(the north-western coasts of Europe, such as British area, Banish 
seas, Ac.) ; E. N. Am. (the eastern coast of North America); 
Arct. (the Arctic seas) ; W. Ind. (the West Indies) ; Med* (the 
Mediterranean, including the Adriatic) ; Eed S. (the Bed Sea); 
Ind. 0. (the Indian Ocean); Mah (the seas of the Malay Archi¬ 
pelago); Austr. (the coasts of Australia); A. Arct. (the Ant¬ 
arctic); Mag. (IStraits of Magellan and the neighbourhood); 
8. Pae. (South Pacific) ; N. Pac. (North Pacific Ocean); and 
Jap, (Japanese Coast). 


TUNICATA, Lamh 1816. 

This class is divided into three Orders, the Ascidiacea, the 
Thaliaeea, and the Larvacea. 


Order I. ASCIDIACEA, Blv. f 1827/ 

This group includes fixed or free-swimming Simple or Com¬ 
pound Ascidians, which in the adult are never provided with a 
tail and have no trace of a notochord* The free-swimming 
forms are colonies, and the simple Ascidians are never free- 
swimming. 

The test is permanent and well developed; as a mile it 
increases with the age of the individual. 

The musculature of the mantle is in the form of an irregular 
network, there being no regular circular bands. 

The branchial sac is large and well developed. Its walls are 
perforated by numerous slits (the stigmata) opening into a single 
peribranchial cavity, which communicates with the exterior by 
the atrial aperture. 

The anus opens into the peribranchial cavity. 

Many of the forms reproduce by gemmation, and in most of 
them the sexually produced embryo develops into a tailed 
larva. 
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Tlie Order Ascidiaeea is divided into three Sections—the 
Aseidice Simplices, the Ascidisc Composites, and the Aseidhe 
Lucias. 

Suborder I. A8CIDI2E SIMPLICIUS, Savigny, 1810. 

This group contains fixed (rarely unattached, but never free- 
swimming) Ascidians which are solitary, and very rarely repro¬ 
duce by gemmation ; if colonies are formed, the members of the 
colony are not buried in a common investing mass, but each 
lias a distinct test of its own. 

The Ascidiae Simplices include four families—the Molgulidas, 
the Cynthiid®, the Ascidiidm, and the Clavelinidse. 

Family L MOLGULID M, Lac.-Duth , 1877. 

Body usually free, sometimes fixed, rarely pedunculated. 

Test cartilaginous, coriaceous, or membranous, usually covered 
with sand &e., which adheres to long hair-like processes of the 
test. Branchial aperture 6-lobed, atrial aperture 4-lobed. 

Branchial sac usually longitudinally folded (5 to 7 folds on 
each side); internal longitudinal bars not papillated ; stigmata 
more or less curved, usually arranged in spirals. 

Tentacles always compound, usually much branched. 

Intestine attached to the inner surface of the mantle on the 
left side. 

Benal sac present, upon the right side of the body. 

Gonads on the inner surface of the mantle, usually deve¬ 
loped on both sides. Lame usually tailed, in a few species 
anurous. 

This is the most highly differentiated family of the Asciduo 
Simplices. It contains the following genera:— 

f Branchial sac with no folds.... 1 

\Branchial sac with from 5 to 7 longitudinal folds on each side..... 2 

f A pair of gonads, one on each side, the left one anterior to the lutes* 


1 \ tine . Paramolgula. 

[ A single gonad, alongside intestine... 5 

f Infundibula large, conical, placed in longitudinal rows, one in each 
) mesh...... Eugyra. 


° Infundibula relatively small, corkscrew-like, many in each mesh, 

Bostrichobranchus, 
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Body attached, pedunculated, free from sand, and with stigmata not 


2 • in spirals...- Ascopera. 

[ Generally free, globular, and sandy, with stigmata in spirals. 4 

j With 5 folds on each side of the branchial sac.... Pera. 

4 |_ With G or 7 folds on each Bide . 5 

r f With the branchial and atrial lobes laciniated . Ctemcella. 

P > \ With no such laciniation ... G 

f With a single gonad, on the left side. Eugyriopsis. 

> {With 2 gonads, one on each side . Molgilla. 


Pabamolgtjla, Traustedt , 1885. 

Body free. 

Test covered with adhering sand. 

Branchial sac with no folds. Stigmata spirally coiled and 
arranged in infundibula. 

Gonads present on both sides of the body. 

This genus contains the single species 

Faramolyula Bchulzii , Traustedt. (Mag.) 


Eitgyra, Alder Sf Hancock , 1870. 

Body globular, unattached. Branchial aperture 6-lobed, atrial 
4~lobech 

Test usually thin and transparent, incrusted with sand or 
plain. 

Branchial sac with no folds. Internal longitudinal bars few, 
broad, and ribbon-like. Infundibula large, conical, formed of 
regularly coiled vessels, which form a double spiral meeting at 
the apex. They are placed in longitudinal rows, one in each 
mesh. 

Tentacles compound, 

Gonad forming a single mass situated on the left side close to 
the intestine. 

The species of this genus may be distinguished as follows ;— 
j Body attached by a very long peduncle. 

■] E. pcdmculata, Trausfc. (Arct.) 

[ Body not pedunculated ...... ., j 

f Test thin, transparent, without sand. 

1 j E t Jeerguelenenm , Herdm. (A. Arct.) 

[ Test opaque, covered with sand.. ... o 

LINN - , JOTTBN.—ZOOLOGY, YOL. XXIII. 
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(‘Siphons concealed by a. fold of anterior end of test. 

2 < E. bilalmta, Sluifc. (Mai.) 

| Siphons not concealed by a fold. a 

Both siphons Tory long, as long as diameter of body, 
o' E,yihlaris, Venn (E. N. Am.) 

Siphons not very long .... 4 

f Gonad confined to intestinal loop, GO tentacles. 

4"! E. adriatiea, v. Dr. (Med.) 

! Gonad not confined to intestinal luop ..... 5 

- f Gonads paired* .. E. symetrica , v. Dr. (Arc!. & Med.) 

[ Gonad single, crossing over intestinal loop . 0 

fWitli a circular area on side free from sand. 

I. J E, glut wans, Moll.(Atl.)( - E.arcnosa , 

Body entirely covered with sand. ' Aid. & llano.). 

L E. globosa, Hanc. (N.W. Eur.) 


Bostrxchqbranchtjs, Traustedt , 1882. 

Body free, sometimes sandy. 

Test moderately thick and tough, wrinkled. 

Branchial sac with no folds. Infundibula of small size, cork¬ 
screw-like, and placed many in a mesh. 

Gonad present on the left side only. 

This genus contains a single species, B ostrich ohrancJi its man - 
haitensis , Bekay, from the east coast of North America. 


Ascopera, Herdman 9 1880. 

Body more or less pyriform, pedunculated, attached. 

Test thin, between membranous and leathery in texture, having 
no adhering sand and no hair-like processes. 

Branchial sac with seven folds on each side. Stigmata straight 
or curved, but not arranged in spirals. No infundibula. 

Tentacles compound. 

Alimentary canal on left side, running antero-poeteriorly. 

Gonads developed on both sides. The gland on the left side 
lies ventral to the rectum. 

There are two species, separated thus 

* This species seems to belong to Faramolgttla rather than to Eugyra ? 
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Body pyriform, stalk short, stigmata mostly curved. 

A. gigantea, Ilerdrn. (Kerguelen Isl.) 
Bocly club-shaped, stalk long, stigmata mostly straight. 

A. peduncidafa, Herdm. (Kerguelen Tsi.) 


Peea, Stimpson , 1852. 

Body attached or free, may he slightly stalked. 

Test sandy or not. 

Branchial sac with five folds on each side. Stigmata in spirals 
or in rows. 

This genus (which is simply those Molgulids with five folds 
only on each side of the branchial sac) contains four species*':— 

f Test delicate and transparent . P. chrystcillina, Moll. (N. All.) 

\ Test opaque and more or less sandy . 1 

f With very long branchial and atrial siphons. 

1 -j P. longleollis, Wagner. (Arct.) 

| With the siphons short or inconspicuous !, ... 2 

0 f Stigmata of branchial sac curved... P. Hancoc/d, Herdm. (N.W. Bur.) 

“ 1 Stigmata straight ... P. Carpenieri, Herdm. (N. Atl.) 


CtenicellA f, Lacaze-Duthiers , 1877." 

Body fixed. 

Test covered with sand. Branchial and atrial lobes laciniated 
or cleft at their edges into numerous sharp processes. Atrial 
siphon furnished with a bilobed valve. 

Branchial sac with seven folds on each side. Stigmata spirally 
coiled, arranged in infundibula. 

Dorsal lamina with the margin toothed. 

G-onads present on both sides of the body. 

The four species of Ctenicelh may be distinguished thus;—- 

{ Dorsal tubercle horseshoe-shaped ... 0. Lancqdami, Dac.-Dutli. 

(IST.W.Eur.) 

Dorsal tubercle S-shaped.......... I 


* Peru Hu&leyi, Macd,, is a Ekodosoma (see Aseidiidas), 
t Molgula eomplanata, Aid. & Hanc. (N.W. Eur.) may belong to this genus. 
If so, it differs from the other species of Ctenicelh in having only 0 folds on, 
the left side (right, of Hancock) of the branchial sac, Lithomphrya mgyranda 
of G-iard probably belongs to Ctenicelh . 
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i Dorsal tubercle with long axis parallel 1o long avis of body .. 

1 ! Dorsal tubercle wilh long axis iransvem* to long axis of body. 

| <■', Muntafa\ bae.-Dulh. (Mod,) 

j‘'Toutaolos slightly branched, dorsal lamina strongly toothed, 

%t I * (!. ttpiu'iu!h‘vi<iiit) Heller, (Mod.) 

“ Tentacles well branched. dorsal lamina Might ly toothed. 

1 Cl Ko/'oCf<?]iii, Luo.-Dutb. (N.W* 

Mur. &. Mod,') 


MoLUtrLA.^, Forbes, IS53. 

Body usually globular, attached or free, often encrusted with 
Maud and mud. Brand rial aperture Olobed, atrial d-lobcd ; lobes 
not laciniatod. 

Test usually thin,but tough; often with hair-like processes on 
the outer surface* 

Mantle thin and membranous; musculature usually feeble, 
consisting chiefly of long radiating bundles arising from the bases 
of the siphons, and of short fusiform clumps of fibres scattered 
through the mantle. 

Branchial me with 0 or 7 longitudinal folds on each side. 
•Stigmata more or less curved, coiled spirally in infundibula. 

Ten taides eoi n po and. 

Alimentary caned on the left side of the branchial sac. 

Gonads developed on both, sides. 

Renal organ in the form of a crescentic sac placed in the 
centre of the right side of the mantle, and usually containing 
coueretioiiH. 

The numerous species f of Molgula which, have been sufficiently 
eh&rad.omml may be separated ns follows 


('With (i folds <m each hUIo of the branchial sac....... 1 

1 With 7 folds............ 2 

| bower ends of then folds provided with tongue-like processor 

M. mproefa, v, Dr. (Mod,) 

| !No such processes present; ............. % 


* Includes Gyrnnocystk, Giard, and Anurella, Lac.-Buffi, 
f Molgula psammodes was described by Traustedt in 1880, but was not in¬ 
cluded in the table of species of the genus given by the same author in 1882, 
and consequently has probably been given up. According to Cams, it is the 
same as M, occulta? Kupff. 
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f Small papillae on the edges of the stigmata. [Eui\) 

3 j M. rnpura, Heller. (Med., N.W. 

^ | Dorsal tubercle elongated, not horseshoe-shaped... 5 

\ Dorsal tubercle horseshoe-shaped ... 6 


( Dorsal tubercle nearly linear, subarcuate. 

M. eugj/rokles, Traust. (S. Atl.) 
Dorsal tubercle irregularly convoluted, serpentiform, 

M, Holtiana , Her dm, (N.W. Eur.) 


g f Aperture between horns of dorsal tubercle turned to the left. 7 

| Aperture turned posteriorly . 8 

( 4 to 6 inter, longit. bars on a fold; anus with plain free edge. 

7 s M, Konni , Traust. (W. Ind.) 

[ 2 to 4 inter, longit. bars on a fold..... 9 

g f Anus with a fringed edge . M, simplex , A, & H. (N.W. Eur.) 

\ Margin of anus smooth . M. macrosiphonica , Kupf. (N.W. 

[Eur.) 

g f Edge of dorsal lamina entire . 10 

[ Edge of dorsal lamina toothed .. 11 

-|a f Anus with a plain edge . M. tenax, Traust. (W. Inch) 

[ Anus with a fringed edge. 12 

3 int. long, bars ou a fold . M. ampulloides } v. Den. (N.W. 

12 [Eur., Med.) 

4 int. long, bars on a fold . M. socutils, Alder. (N.W. Eur.) 

I-, f Anus with plain edge. M. iMltmiwna, Traust, (N.W. E.) 

[ Anus with a fringed edge . M. tuhifera, (Ersted. (N.W. Eur.) 

{ Dorsal tubercle simple, circular, and funnel-shaped, no horns. 

M. pgr (for mis, Herdm, (S. Atl.) 

Dorsal tubercle curved, with horns. 13 


13 


f Dorsal tubercle horseshoe-shaped 
[Dorsal tubercle S-shaped....... 


14 


. 14 

..,. 15 

Margin of dorsal lamina fringed or toothed .. . . if} 

Margin of dorsal lamina plain ...... 17 


^ J" Only the posterior half of body sandy. 
} The whole of body sandy . 


18 


10 i A/, gigantea , Omm. (Mag.) 

.... M. occulta , Kupff. (N.W. E., Med.) 

f Siphons retracted between folds of test; no sand between the aper¬ 
tures .. A/, oeulata, Forb. (N.W. Eur.) 

No such folds of test present ... . . lg 

f Papillae on the margins of the stigmata. 

} M.occidenialis, Traust. (W. Inch) 

[ No such papillae present ..... . 19 

iq (Horns of dorsal tubercle merely turned in ..... 20 

1 [Horns of dorsal tubercle coiled spirally; aperture turned to right side 21 

Test not sandy ..... 22 

Test sandy.....■......***,**," 23 

99 (Outside of siphons echinated, or having pointed projections .. 24 

( Siphons not echinated ....” 95 

LINN. JOUIIN.—ZQOLOar, TOL. XXIII, 41 
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f Only the branchial siphon eeh mated. M, cchmosiphonha , Lac.-Dutb. 

241 . [(N.W. Eur.) 

[ Both siphons echinafced .. M. mala, Wagn. (Arch) 

or f Body globular, not attached . M.ctspiformis , Ilerdm. (N.W.E.) 

" J t Body attached . 26 


og r With a short peduncle 
[ With no peduncle....... 


M.pcdmiculata , Her elm. (A. Arct.) 


27 


! Attached by a wide area partly on left side. 

A/, ettrim, A. & II. (N.W. Ear.) 
Attached by a narrow area at posterior end. 

M. llelleri , v. Dr. (Med.) 


1 Aperture of dorsal tubercle turned to right side; anus with entire 

free edge..... 

Aperture of dorsal tubercle turned posteriorly; anal margin entire, 
but adhering . M.septentriomtk, Tratist. (?Arct.) 


28 


f Six series of conical papillae on the test round the branchial aperture. 
4> g J M, mm , Hup If. (N.W. Eur.) 

^ | No such papillae present; siphons long. [Eur.) 

[_ M L solenoid Lac.-Duth. (N.W. 


0 . f No sand &e. on the test 
(Testsandy...... 


M. gregaHa, Less. (Mag.) 


29 


f Mantle thick and opaque, with muscles forming a close network. 

29 \ M. horrida , Herdm. (Mag.) 

[ Mantle thin, transparent, with the usual Molgulid musculature . 30 

f Inferior mai-gin of anus adhering . 31 

30 j Margin of anus entire, free; large genital papilhc on each side of 

[ rectum. M.Uleici, Lac.-Duth. (N.W. Eur.) 

f Stigmata small and short ; anus bilabiate. 

31 • M. grmlcmdka, Traust. (N. Atl.) 

I Stigmata very long; anus rounded... M.' roscovita, Lae.-Duth. (N.W. 

[Eur.) 

-j r f 4 iut. long, bars on a fold .. M.Forb&n, Ilerdm. (Austr.,Mah) 

0 \ 5 or 6 iut. long, bars on a fold. M. Marten&ii, Traust. (lnd. 0.) 


Mohjula horeas , Traustedt (Arct. ?), appears to come in hero 
beside 1)1. Forbesi and M. Martensii, but I am unable to find a 
description which will give differentiating characters. 


Etotriopsis, Boule , 1885. 

Body ovoid, attached; not incrust eel with sand. 

Test smooth, thick, with no hair-like processes. 

Mantle thinj musculature weak, but both longitudinal and 
transverse. 

Branchial sac with 7 folds on each side. Stigmata curved, and 
coiled spirally in infundibula. 

Tentacles compound. 

Alimentary canal on the left side. 
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Gonad single, placed on tlie left side, auterior to the intestinal 
loop. 

This genus contains the single species Bugyriopsis Lacazei, 
Eoule, from the shores of Provence. 

The following Molgulids cannot, on account of the very im¬ 
perfect descriptions which have been given of them, be placed in 
any of the tables. Probably most of them belong to the genus 
Molgula ; several may be synonyms, or young conditions of 
other species :— 

M. tubulosa , Kat.liko. (N.W. Ear.) 

M. inconspieua , Sfcimps. (Austr.) Only 4 branchial folds? 

M. inconspieua, Aid. & Hanc. (N.W. Eul*.) 6 branchial folds. 

M. sordida, Sfcimps. (E. N. Am.) 

M. produda, Sfcimps. (E. N. Am.) 

M. arenosa, Slimps. (E. N. Am.) 

M. iminosa, Yen*. (E. N. Am.) 

M. re tor tifor mis. Yen*. (E. N. Am.) 

M. Ut to rails, Yen*. (E. IN. Am.) 

M. papillosa, Yerr. (E. N. Am.) 

M. pihtlaris, Yerr. (E. N. Ain.) 

If. pellucida, Yerr. (E. N. Am.) 

. M, laheculifera, Sfcimps. (China.) [? Ascidiidcc.] 

M. conchilega (?). 

Ctesira parasitica , Maccl. (Ausfcr.) 

C. ficus, Macd. (Austr.) 7 branchial folds. 

C, pellucida, Macd. (Ausfcr.) 

M. siphomia , Aid. (N.W. Eur.) 

M. adhciTcns, Giard. (N.W. Eur.) 

Lithunephvya dev ip inns, Giard. (N.W. Eur.) 

Ggmnocystis comosa , Giard. (N.W. Eur.) 

Emjym arenata , Yerr. (E. N. Am.) 


family II. CYNTHIID2E, Lac.-Dutk, 1877. 

Body usually attached, rarely free, sometimes pedunculated. 

Test membranous or coriaceous, rarely cartilaginous or covered 
with sand. Branchial aperture usually 4-lobed, atrial 4-lobed, 

Branchial sac longitudinally folded; internal longitudinal 
bars not papillated. Stigmata straight, never forming spirals. 

Tentacles simple or compound. 

Intestine on the left side, only slightly, or not at all, attached 
to the mantle. 

4>r 
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Gonads on the inner surface of the mantle, either on both 
sides or on one only. 

This very large and important family contains three well- 
marked sections or subfamilies—the Eolteniinse, the Cynthiin.se, 
and the Styelinse. 


Subfamily B OLTENiiNiE, Herdman , 18S0, 

Body attached and pedunculated; peduncle usually very long; 
branchial and atrial apertures having either 4 or less than 4 lobes. 

Test coriaceous, membranous or cartilaginous, not covered with 
sand. 

Branchial sac with more than four folds on each side. 
Tentacles compound. 

This subfamily includes four genera, which may be separated 
thus :— 


f Fine longitudinal vessels and stigmata present .. Boltenia. 

| No fine longit. vessels in branchial sac ........ 1 

. f Branchial aperture 4-lobed . Cystingia. 

[ Branchial aperture more or less triangular ......... 2 

0 f Stalk relatively short and thick . Fnngulus. 

* \ Stalk relatively long and slender .... Culeohis. 


Boltenia, Saviyny, 1816. 

Body more or less globular, fixed on a long peduncle; aper¬ 
tures lateral, 4-lobed. 

Test coriaceous or cartilaginous. 

Branchial sac longitudinally folded, with 6 or more folds on 
each side. Pine longitudinal vessels present, forming straight 
stigmata. 

Tentacles compound. 

Dorsal languets present. 

The species of Boltenia * may be distinguished as follows: 

f Peduncle not longer than body .. B. kgumen, Besson (Mag.) 

\ Peduncle many times longer than body.......... 

•* [Body globular or nearly ovate, regular... 

\ Body irregular, flattened or lobed ..... 


1 

2 

3 


* Clavelinopsis rubra s Fewkes, is probably a Boitema, but the description 
insufficient. 
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2 f Peduncle sublateral... B. ovifcra, Linn. (N. AtL) 

^ \ Peduncle terminal and median ... 


4 


5 


/ Body subreniform . B, rcniformis #, MacL. (Arct.) 

[ Body elongate* ovate.,.. 

f Branchial aperture on same level with peduncle; apertures sessile. 

J B. elcgans, Herdra. (N. Atl.) 

| Branchial aperture not on same level with peduncle ; apertures pro- 
[ minent . B./usiformis , Sav. (Arct.) 


^ f With large lobes or tubercles from the test ... 

With no such projections........ 

g f No spicules in the branchial sac . B. r/ibbosa , Heller. (Austr.) 

[ Willi spicules in the branchial sac ... B. iubcmdata, u. sp. (Austr.) 


f Body much elongated, narrow fusiform. 

7 ■ B, Bolfeni, Linn. (Arct.) 

| Body not so elongated. B. yxu‘hgdermatina, Herdra. 

(S. Pac., Austr.) 


4 

5 


6 

7 


Cystingia, IfacLecnj , 1824. 

Body ovate, attached to a very short peduncle. Branchial 
aperture 4-lobed, atrial irregular, both sessile. 

Test subcoriaceous. 

Branchial sac with longitudinal folds (about fourteen). The 
transverse vessels and longitudinal bars form a loose meshwork 
not divided into true stigmata by fine longitudinal vessels. 

Tentacles compound. 

Alimentary canal on left side; stomach very long. 

Gonads on both sides of body. 

There is only one species known, Gystingia GnJ/ithsii, Mac- 
Leay, brought from the Arctic Seas near Winter Island by 
Mr. W. N. Griffiths, who accompanied Captain Parry. 

The following species, probably belonging to Boltenia , are in¬ 
sufficiently characterized and cannot be placed :— 

Boltenia rubra, Stirapson. (E. N. Am.) 

B. mivrocosmus , Ag. (E. N. Am.) 

B. Burkhurdti , Ag. (E. N. Am.) 

B. ciliata, Holier. (Arct.) 

B. australis , Q. & G. (Austr.) 

1L syinifera , Q. & G. (Austr.) 


Pungxjlhs, Ilcrdman , 1882. 

Body globular, borne on a short thick peduncle attached to the 
anterior end. Branchial aperture triangular, atrial bilabiate. 

Test cartilaginous, but very thin, not modified on the pec£imc!e. 

* Aseulia clavata , Fabr., may be this species. 
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Branchial sac with several slight folds on each side; mealies 
square, no stigmata. No spicules present in the walls of tlio 
vessels. 

Dorsal lamina a plain membrane. 

Tentacles compound. 

Gonads a single gland on each side. 

This genus contains the single species Eungulm cine reus, 
Herdm., dredged during the 4 Challenger 5 Expedition in the 
Southern Ocean from a depth of 1600 fathoms. 

Culeoltjs, Uerdman , 1880. 

Body fixed, pedunculated, more or less ovate; the anterior 
end, where the long peduncle is attached, is narrower than, the 
posterior. Branchial aperture more or less triangular; atrial 
aperture bilabiate. 

Test cartilaginous, often very thin, usually rough and papil- 
lated on the outer surface. 

Mantle thin, musculature not greatly developed. 

Branchial sac with about 6 longitudinal folds on each side; 
consisting of transverse vessels and internal longitudinal bars, 
forming a wide-meshed network. There are no stigmata, the 
fine longitudinal vessels being absent. The larger vessels, espe¬ 
cially the internal longitudinal bars, are supported by a system 
of branched calcareous spicules. 

Endostyle also strengthened by numerous branched calcareous 
spicules. 

Dorsal lamina represented by a series of triangular languets. 

Tentacles compound. 

Alimentary canal relatively small, placed posteriorly on the left 
side; stomach ventral, intestine turned anteriorly and dorsally, 
and rectum running posteriorly. 

Gonads on the inner face of the wall of the peri branchial 
cavity, developed on both sides of the body. 

This is one of the most remarkable and characteristic of the 
abyssal genera of Aseidians. The seven known species were all 
discovered during-the voyage of the 4 Challenger.’ 

The species may be distinguished by external features as 
follows *:— 

* Bor a table of distinguishing characters taken from internal structure, see 
* Onallenger ’ Eeport, part i, p. 120. 
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f Peduncle turned posteriorly .. 1 

\ Peduncle turned anteriorly. 2 

1 [Dorsal end fringed with papilla) ... G. recumbms, Her dm. (A. Arct.) 

\ Dorsal end not fringed . G. peHucklus, Ilerdm. (A. Arct.) 


Dorsal end fringed with papillae. 
Dorsal end not fringed. 

Surface even . 

Surface very uneven . 


.. 4 

G.perlatus *, Sulim. (N. Atl.) 

C. Marmyi, Herdm. (N. Pae.) 


' Atrial aperture on dorsal edge behind middle. 

4 - G . WlUemocsi , Herdm. (N. Pac.) 

_ Atrial aperture in centre of posterior end . 5 

r f Surface even . 0. Moseley i, Ilerdm. [Pac.) 

0 \ Surface very uneven, but smooth ... 0. Wyville-Thomson^ Herdm. (S. 

[Pac.) 


Subfamily Cynthiinjs, Herd-man, 1880. 

Body attached, sessile or very shortly pedunculated. Bran¬ 
chial and atrial apertures with 4 lobes each. 

Test coriaceous, rarely cartilaginous, rarely covered with 
sand. 

Branchial sac with more than 4 folds upon each side (except 
Forbesella tessellata , Forbes). 

Ten facies compound. 

Alimentary canal with no marked stomach, but with a glandular 
lobed appendage. 

There are four genera :— Microcosmus , Cynthia , Forbesella , and 
BhaMocynthm . The last is a new genus which I am forming for the 
reception of all those species of Cynthia which are provided with 
needle-like or rod-like spicules of carbonate of lime scattered 
through their tissues; and Forbesella is a new genus which 1 
consider necessary for the remarkable Cynthia tessellata of 
Forbes, which differs from all other Cynthiimn in having only 
4 folds on each side of the branchial sac. 


/With only 4folds present on each side... Forbesella. 

[ With more than 4 folds on each, side....... 1 

- J Dorsal lamina plain, intestinal loop narrow . Microcosmus. 

A [ Dorsal lamina toothed, intestinal loop wide ..... 2 

9 f Bod-like or curved calcareous spicules in tissues... Rhabdocynthia. 

^ \ No such spicules present ..... Cynthia* 


* Culeolus Tanneri , Verr. (N. All,), is close to this species It may be dis¬ 
tinct, but has not yet been fully described. 
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Microcosmus, Heller , 1877. 

Body attached, sessile, not iucrusted with a continuous 
coating of sand. Apertures both 4-lobed. A fold of the mantle, 
covered by the invaginated test, usually present at the base of 
the siphons. 

Test coriaceous, thin but tough. 

Branchial me with more than 4 folds upon each side. 

Dorsal lamina a plain untoothed membrane. 

Tentacles compound. 

Intestine forming a narrow loop, on the left side of the body. 

Gonads on both sides, on the left partly covering the 
intestine. 


2 




L 


The species of Mierocosmus maybe distinguished as follows 

f Branchial sac with 5 folds on each side. 

if. oligtyphylhs, Heller. (S. All*) 

[ Branchial sac with more than 5 folds on each side . 1 

f Branchial sac with 6 folds on each side. 2 

\ Branchial sac with more than 6 folds on each side .. $ 

i Tentacles fewer than 12... M. gleha, Trausfc. (Pac.) 

\ Tentacles 20, or more . 4 

f Tentacles 20; dorsal tubercle simple, cordate, 

M. Helleri, Herdrn. (Austr.) 

Tentacles 28; dorsal tubercle complex, formed of 2 spiral cones. 

M. Ucrdmani, y. Hr. (8. Atl.) 

g f Branchial sac with 7 folds on each side. 5 

° \ Branchial sac with more than 7 folds on each side. 0 

e f With not more than G or 7 stigmata in a mesh. 7 

[ With about 12 stigmata in a mesh... M, propmquus, Herdrn. (Austr.) 

„ f With 4-5 stigmata in a mesh. 8 

{ With 6-7 stigmata in a mesh . MMmdijjlodcintsTrixmt. (W.Ind.) 

q f Surface of test rough, corrugations irregular and granular . 9 

\ Surface not so rough, corrugations regular and smooth .. 10 

With an extraordinarily long branchial siphon. 

M. scrotum, D, Oh. (Med.) 

Branchial siphon not very long...... M. polymorphic, Heller. (Med. & 

[Austr.) 

I Pinnaj of the tentacles unbranchect, 12-14 bars on branchial fold, 

M. mdi/aris , Heller. (All. & Mod.) 
Pinnae of the tentacles bearing small pinnules, 18- 20 bars on fold. 

M. Sabdlieri, Route. (Med.) 

« f Branchial sac with 8 folds on each side... 11 

\ Branchial sac with more than, 8 folds on each side. 12 

f With 10-20 tentacles, surface rough. exasperatus, Heller. (W, Ind.) 

11 < With 20-25 tentacles, surface nearly smooth. 

1 M. distant, Heller. (W. Ind.) 

j2 f Branchial sac with 9-10 folds on each side ...„. 13 

1 Branchial sac with 12 or more folds on each side. 14 

f The 3 lower folds do not reach oesophageal aperture. [W. Inch) 

13 \ M. vanegaius, Heller. (Med., 

\ AH the folds extending beyond the cesophageal aperture .. 15 


10 
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15 


r With 14—1G tentacles 
With 18-20 tentacles 


1 A f With 14 folds on each side . 

[ With 12 folds on each side . 


M. claudicans, Sav. (N.W. Eur., 
[Puc,, Med., Ind. O.) 
M. affims, Heller. (Austr.) 

M. JuHnii , v. Dr. (Austr.) 

M. Dmtichii , n. sp. (Austr.) 


Ehabdocynthia 5 *, n. gen. 

Body generally smooth. Branchial and atrial apertures 4- 
lobed. 

Test generally rather soft and cartilaginous, containing cal¬ 
careous spicules. 

Mantle also containing calcareous spicules developed in con¬ 
nective-tissue sheaths. 

Branchial sac with six or more folds on each side. The chief 
vessels contain calcareous echinated spicules. 

Ten fades comp o un d. 

Dorsal lamina toothed. 


There are about a dozen species in this genus, and they may 
he separated as follows :— 


f Branchial sac with 0 folds on each side. 

\ More than l> folds on each side ... 

( Surface smooth, test gelatinous, colour whitish. 

It mollis, n. sp, (Austr.) 

Surface corrugated, test leathery, colour dark brown. 

li. saceifonnis, v. Dr. (Jap.) 

0 f Test transparent or semitransparent... 

M \ Test not at all transparent ........ 

o f 7 folds on each side . 

^ \ 8 folds on each side.. 11. maurUmia, v. Dr. (Ind. O.) 

( Body elongated ; colour greenish brown. 

11. mhfusca, n. sp. (Austr.) 

Body rounded, flattened ; colour wdiilisk. 

li. tenuis , n. sp. (Austr.) 

4 ( Test soft, cartilaginous..... 

’ \ Test not soft or cartilaginous. 

,, f Test thin, surface rougliish.. papietensk, Jferdm. (Pac.) 

0 \ Test thick, surface smootli. li. compluua/a, lierdm. (Austr.) 

tn (Animal barrel-shaped; colour red ... 11. rosea, Sluifc. (Mul,) 

1 \ Not barrel-shaped ; colour grey or yellowish white,.. 

(Shape pyriform . U.pyriformisdiaih\e,. (Pac.,Ail.) 

| Shape oblong, with a broad base, 8 folds on each side. 

8 It pallida, Heller, (Pac., Atl., W. 

| hind., Ind. 0. 

( do., Tar. bilUtonemis , Shut, (MaL) 


1 

2 


3 

4 

5 


G 

7 


8 


* If this is exactly the genus for which Lahille, in 1887, proposed the name 
Herdmania (Assoc. Prang.), then llhabdoeyiithia must give way to that prior 
designation. 
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CnmiiA*, Saviyny, 181(3, 

Body attached, sessile or very shortly stalked, rarely in- 
crusted with sand. Branchial and atrial apertures both 4- 
lobed. 

Test coriaceous, rarely cartilaginous ; no spicules. 

Mantle well-developed, usually with a strong musculature. 

Branchial me with 6 to 12 longitudinal folds on each side. No 
spicules in walls of vessels. 

Dorsal lamina a plain membrane, or with the free margin 
toothed, or represented by a series of dorsal languots. 

Tentacles always compound. 

Intestine forming rather a wide loop, on the left side. 

Gonads on both sides, the left- in the intestinal loop. 


[ Branchial folds only slightly developed. 


0, ir regular is, Herdm, (Austr.) 

I Branchial folds all well developed..1 

- f Body pedunculated . 2 

1 \ Body sessile .*... 6 

9 f Test thi ek and tough .... 4 

M \ Test thin and leathery..... 5 


^ \ Surface incrusted with sand and hairs. C. juponiva, Tmusfc. (Jap.) 
r f Surface smooth, with silky spines... C.formosa, Herdm. (Austr.) 

J \ Surface not smooth, having knobs and warts. G 

f Mantle thin, muscles weak ; tentacles 50. 

6 } C. castane.iforniis , v. .Hr, (N. Put*.) 

[ Mantle strong and muscular; tentacles less than GO . 7 

j Dorsal lamina having langucts the entire length .... 3 


7 ■! Dorsal lamina having languots only at posterior end. 

I (J. JturckiL v. Dr. (Jap.) 

( Meshes very much elongated transversely; tentnoles 25-MO ; aporfttres 

fringed with bristles . Lhptepilhm, L, (Mod., JM. At!,) 

Meshes not elongated ; tentacles 10-20. 

0. stolonijera, Holler, (8. All.) 

«, f Test more or less covered with sand .... <*) 

\ Test free from san d......j () 

0 J Body free... 61 aremm, Herdm. (Austr.) 

\ Body attached ...... jj 

{ Body columnar, with remarkable pad-like thickening of test anteriorly. 

0. pnepvf hilts, Heller, (Austr,) 
Body not columnar, and with no such thickening. 

C. jam!rends, 81uit, (Mai) 


■jrt f Test provided with remarkable long branched spines... 12 

iU \ Test with no such branched spines..........*... 13 


* Halocynthia, Terrill, is merely a synonym. 
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12 

13 

14 

15 

17 

18 

19 

21 

22 

23 

20 

24 

16 

25 

27 

20 

28 

29 

30 

31 


f Dorsal lamina a plain membrane ... G.echiiiata, L. (N, Atl.) 

1 With two rows of small languets ... CL Hilgnukrjii, Traiist. (Jap.) 
[Languets confined to posterior end, 0 branchial folds, [Med.) 

j a dura, Heller. (Atl., Pat*., & 

[ Languets along the whole length of dorsal lamina .. 

f Not more than 6 folds on each side of the branchial sac. 

\ More than 6 folds on each side ... 

r Reproductive organs in the form of numerous small seal loved masses 

\ attached to mantle . C. corallhm, Roulo. (Med.) . 

[ Reproductive organs not broken up into numerous separate masses ... 

f Intestinal loop narrow . C. Imngata, Heller. (W. Ind.) 

[ Intestinal loop wide . 

f Test thin....... 

[ Test not thin....... 

f Surface smooth . 0. clavk/cm, Traust. (S. Atl.) 

\ Surface not smooth ... 

f Branchial siphon with a strong muscle-band at its base and armed 

i ■with spines ... Q. nodidom^y* Hr. (W. Ind.?) 

[Branchial siphon not provided with this armature. 

[& Med,) 

f Inner surface of test white, soft. C. sqummdosa, Aid. (N.W. Bur. 

[ Inner surface not white, nor soft... 

f Internal longitudinal bars regular, 13-15 on a fold, 7 stigmata imnesh. 

1 (J. Jdimaiia, Traust. (W. Ind.) 

Internal longitudinal bars irregular, 5 or 6 stigmata, in mesh. 

C. hamtor , Stimps. (N. Pac.) 

f Tentacles 20-30, test smooth . 

\ Tentacles 12, test rough. C.fimc , Herdm. (Austr.) 

f Apertures inconspicuous, far apart. CL gangdion , Saw (Red S.) 

\ Apertures conspicuous . C. arcuata, Heller. (Austr.) 

f Test cartilaginous, smooth ... 

{ Test coriaceous and rough ..... 

(More than 10 folds on each side of branchial sac. 

■j Chispida, Herdm, (Austr.) 

( Not more than 9 folds on each side ..... 

f Mantle semitransparent, tentacles 12. C\mmus^icv. (Med.,Red S„Ati.) 
< Mantle opaque, tentacles 24-28, 7 branchial folds on each side. 

[ CL pant ox t Say. (Red S.) 

f Not more than 10 branchial folds on each side.. 

\ 12 or 13 folds on each side....... 6'. grmidis, Heller. (Austr.) 

f Apertures at opposite ends of body. C. mirahiln , v. Hr. (Jap.) 

\ Apertures not distant ....... 

Body oblong, erect, long axis antero-posterior. 

(L NordemMoMii, Wagn. (Arct.) 
Body rounded, or quadrangular with long axis transverse ............... 

Body rounded, mamiliated, red, siphons striped with orange* 

C. worm, Eorb. (N.W. 13. &Mcd.) 

Body not rounded and not red .... 

f Body ovoid or retort-shaped. CL soutdlata, Heller. (Med.) 

\ Body quadrangular ... C, galbema, n. sp. (Austr.) 


17 

IS 

19 

20 


21 

22 

23 

24 

25 
20 

07 

28 

29 

30 

31 


Eor insufficiently described forms see p. 5S5, 
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Borbeseeba, n. gen. 

Body attached, depressed. 

Test firm, modified to form scales or plates. 

Branchial sac with only 4 folds on each side, or even only 3 on 
the left side. 

Tentacles compound. 

This genus is formed for the reception of the remarkable little 
“ Cynthia tessellaia ” of B. Borbes, which differs from all other 
known Oynthiinae and agrees with the Styelhue (from which again it 
differs in having compound tentacles) in having not more than 4 
folds on each side of the branchial sac. The " Cynthia limacina ” 
of Borbes is either the same species or very closely related to it, 
and probably therefore comes also into this genus. 

The single sufficiently known species is then 

Forlesella tessellata , Borb. (NfW. Eur.) 

Subfamily Styulist je, Her dm a n > 1881. 

Body attached, sessile, rarely incrusted with sand. Branchial 
and atrial apertures either 4-lohed or irregular. 

Test usually coriaceous, rarely cartilaginous. 

Branchial sac with at most four folds upon each side. 

Tentacles simple, unbranclied. 

Alimentary canal with a well-marked stomach and no distinct 
glandular caecum or “ liver.” 

Gonads in the form of one or a few elongated tubes, or a 
large number of small scattered masses (“ polycarps ”) attached 
to the inner surface of the mantle. 

This subfamily includes 8 genera*, which may be distinguished 
as follows:— 


f Branchial sac absent t..... Stye!oid.es. 

\Branchial sac present ... 1 

1 J Branchial sac with no folds ..* Pelonaia. 

\ Branchial sac with folds ........ 2 

C) f Branchial sac with no stigmata in the meshes .. Bathyoncus. 

w [ Branchial sac with stigmata in the meshes... 3 

« / With only a single fold in the branchial sac . Styelopsis. 

^ [ With more than one fold in the branchial sac .... 4 


* Alder la, proposed by Lahille in .1887, cannot be conveniently separated 
from Sfyela, 

t This is such an exceptional and remarkable case that I cannot help suspect* 
ing that the single specimen examined by Sluiter was merely an individual 
abnormality. 
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^ f With a single gonacl, placed on tho right side .*. Dendrodoa. 

^ f Stigmata curved.... Glandula. 

1 Stigmata straight.......*. 9 

P f Gonads few, elongated, tubular.. Styela, 

\ Gonads numerous, small “ poly carps ” .. Poly carp a. 


Styelqibes, Sluiter , 1885, 

Branchial sac entirely absent* 

Tentacles simple. 

Alimentary canal absent. 

This includes a single species, Styeloicles abranchiate, a remark¬ 
able form found by Sluiter near the island of Billiton in the 
Malay Archipelago. 

Pelonaia, Forbes and Goodsir , 1841. 

Body cylindrical, elongated, unattached. Apertures anterior, 
not lobed. 

Test coriaceous, wrinkled, partly incrusted with sand. 

Branchial sac with no folds. 

This genus includes two forms which may be separate species, 
viz.:— 

Body much elongated ; surface rough, wrinkled, deep brown. 

IK corruyata , Forb. (N.W. Ear.) 

Wot so much elongated; surface smooth, pilose, greenish yellow. 

IK ylabra, Forb. & Goods. (N.W. Eur.) 

Bathyoncus, Ilerdman , 1882. 

Body ovate or discoid, sessile, attached; apertures incon¬ 
spicuous. 

Test membranous and thin. 

Branchial sac with several slight folds on each side ; meshes 
square, no stigmata nor fine longitudinal vessels* 

Dorsal lamina a plain membrane. 

Tentacles simple. 

Alimentary canal on the left side. 

Gonads a single elongated mass or several small masses 
attached to the mantle on each side. 

This is a very remarkable and entirely deep-sea genus. It 
contains three species, all obtained during the 4 Challenger/ 
Expedition, and all from very deep water, viz. 1600, 2300, and 
3125 fathoms, the latter being the greatest depth, I believe, from 
which Aseidians have ever been obtained. 
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The three species may be separated as follows :— 
f With one large fold on left side of branchial sac; body ovate. 


s B. mirabilis, Herdm. (Southern Oc.) 

[ With small folds only ... 

, f Body discoid . B. discoidcus, Herdm. (N, Pac.) 

\ Body globular . B. minutus, Herdm. (N. Pac.) 


Styela, IfacLeay , 1824. 

Body attached, sessile, i*arely pedunculated, sometimes in- 
crusted with sand. Apertures both 4-lobed. 

Test usually thin, coriaceous. 

Branchial sac with 4, cm fewer, folds on each side. 

Dorsal lamina usually with a plain margin. 

Tentacles simple, unbranched. 

Alimentary canal forming a narrow loop. 

Gonads on both sides of the body. Ovaries in the form of 
elongated sausage-like bodies. 

The known species of Styela may be arranged as follows:— 


f Branchial folds partly rudimentary... 1 

\ Branchial folds all well developed.. 2 

I f Dorsal lamina plain...... 3 

\ Dorsal lamina not a plain membrane... 4 

o f Two or 3 distinct branchial folds on each side.. 5 

| Four slight folds on each side..... 6 


( Colourcream-wliite; test thick but soft, scaly. 

8. squamosa, Jlerclm. (A. Arefc.) 
Colour dark brown; test tough, wrinkled. 

8. jmsi.Ua, Herdm. (Ts T . Pac.) 

n f Body flattish, longer than high. 8. humilis , Heller. (S. Pac.) 

[ Body acorn-shaped, as high as long. 8. glam, Herdm. (S. Atl.) 

f Margin of dorsal lamina crumpled..... 7 

4« Margin of dorsal lamina notched and toothed. 

[ 8. jlava, Herdm. (S. Atl.) 

( Atrial aperture far back; surface covered with silky hairs. 

8. srrlcafa, Herdm. (A. Aret.) 

Atrial aperture anterior; surface rough and slightly sandy, no hairs. 

8. oblong a, Herdm. (8. All.) 

0 f Body covered with sand .. 8 

** { Body not covered with sand....... 9 

^ f More or less sandy all over.... 10 

b \ Sand confined to posterior half. 8. bicolor , Shut. (Mai.) 

{ Individuals aggregated in clusters, test coriaceous. 

8. racemosei, n, sp. (Austr.) 
Individuals not aggregated, test rather cartilaginous *. 

S. exigua , Herdm. (Austr.) 


* Here also Styela perforata and Styela TrausteclU , both from the Malay 
Archipelago, the description of which by Sluiter has reached me since this 
table was in type, find their place; they can be readily distinguished from 
S, exigua. 
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q f Body on a well-marked peduncle ... 

[Body sessile ........ 

1 Peduncle slender, meslies with 6 or more stigmata. 

8. clava , Hordm. (N. Pac.) 

Peduncle not yery slender, meshes with only 2 stigmata. 

8. gelaiinom , Xrnust. (Arct.) 

■j9 fLanguets present..... 8. byt.hia, Ilerdm. (A. Arct.) 

u [ Dorsal lamina a plain membrane ... 

. 9 f Test with hair-like prolongations from surface.... 

[ Test with no such prolongations...*. 

-. f Black on surface, hairs few and large. 8. solearis, Say. (Bed S.) 

1 \ Grey, hairs small and felted . 8. cinerea , Sav. (Bed S.) 

.. ^ f Dorsal tubercle large and complicated. 8 .< mytiligcra , Sav. (Bed S.) 

\ Dorsal tubercle not large nor complicated...... 

f Yery many stigmata in a mesh . 

\ Meshes not exceedingly elongated... 

{ Body pyriform, apertures with more than 4 lobes. 

8. grandis, Ilerdm. (A. Arct.) 
Body barrel-shaped, apertures, 4-lobed. 

8. laetea, Ilerdm. (A. Arct.) 


11 

12 


18 

14 

15 


16 

17 

18 


. n f Individuals aggregated. 

[ Individuals not aggregated 


19 

20 


f Surface sulcated, of a white colour... 8. plicata, Les. (Oosmop.) (= 8. 

19 Surface not sulcated, of a reddish colour. [ggrosa, Hell.) 

[ 8.aggregate O.F.M. (N.W.Kur.) 

f Stigmata 3 in a mesh. 8. eonvexa, Ilerdm. (A. Arct.) 

^ \ Stigmata more than S in a mesh... 21 

91 f Meshes not divided transversely . 22 

- | Meshes divided transversely ........ 28 


99 (Body broad (dorso-ventralIy). 8. scarfca, n. sp. (Austr.) 

1 Body long (antero-posteriorly) . 8. radicosa, Hordm. (Austr.) 

f Colour pale yellowish grey, siphons violet inside. 

25 j 8. canopus , Sav. (Red 8.) 

[ Colour red, siphons not violet inside. 8. canopoides, Heller. (Med.) 


For imperfectly Iniown species, see p. 585* 


Styelopsis, Traudedt , 18S2. 

Body globular or cylindrical, attached, not inerustecl with 
sand. Apertures both 4-lobed. 

Branchial sac with the folds reduced to a single one placed 
near the dorsal edge of the right side, the other 7 being quite 
rudimentary. 

Gonads on the right side only. 

This genus was formed for the reception of the single species 
Styelopsis grossularia , Yan Beneden, common on the north¬ 
western shores of Europe. 
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Dendrodoa, MacLeay , 1824. 

Body subeylindrieal, attached, not sandy. Apertures minute, 
on anterior end. 

Test coriaceous. 

Branchial sac with 4 folds on each side. 

Tentacles simple. 

Alimentary canal on left side, stomach grooved, intestinal loop 
narrow. 

Gonads forming a single branched mass placed on the right * 
side of the body on the inner surface of the mantle. 

This genus contains the single species Dendrodoa ylandaria , 
MacLeay, from "Winter Island (Arct.). 

Glandula, Btimpson, 1852. 

Body free, globular, sandy. Branchial and atrial apertures 
both 4-lobed« 

Branchial sae with 4 folds on each side. Stigmata curved and 
arranged in elliptic groups round centres which are placed in 
longitudinally-running rows. 

Dorsal lamina plain-edged. 

Tentacles simple. 

Alimentary canal on the left side. 

Gonads forming 5 long masses on the right and 3 on the left 
side. 

This genus, which comes close to Styela, but differs from it in 
having the stigmata curved, has had the following three species 
placed in it; but they require re-examination, and may possibly 
prove to belong to one and the same species :— 

G. mollis, Stimpson. (E. N. Am.) 

Or. fibrosa, Stimps, (E. N. Am. 

G, arenkola, Yerrtll. (E. N. Am.) 

Poeycarpa, Heller , 1877. 

Body attached, usually sessile, rarely pedunculated, sometimes 
incrusted with sand. Both apertures usually 4-lobed. 

Test usually coriaceous. 

Branchial sac with 4 folds, or less than 4, on each side. 

Dorsal lamina with a plain margin. 

Tentacles simple. 

Alimentary canal forming a wide loop. 

Reproductive organs in the form of a number of small separate 

* “ Left ” in MacLeay’s description (Trans, Linn. Soc. vol, xiv. p, 548), as 
he described the animal in the reversed position. 
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masses (“ polycarps ”) scattered oyer the inner surface of the 
mantle. 

The known species of JPohjcarjm * may be arranged thus :— 

f Branchial sac with folds rudimentary ... 1 

[ Branehial sac with folds well developed .. .. 2 

f Test very thin, 2 bars on each fold, 6-8 stigmata. 

2 | P. hint a, Herdm. (A. Arct.) 

j Test thick, bars on fold numerous, 1-4 stigmata. 

[ P. Quadrat a, Ilerclm. (Mai.) 

9 f Less than 4 folds on each side... 

^ \ At least 4 folds on each side . 4 


\ With 3 on right side and 2 on left. P. glomerate Aid. (N. W.Eur., 

^ f With 5 folds on right side and 4 on left ... 5 

[ With 4 folds on each side.... 6 

I Test thick ; one horn of dorsal tubercle turned out. 

P. spoilgiabilis, Traust. (W. Inch) 

Test thin, pellucid; both horns of dorsal tubercle turned in. 

P. obtecta, Traust. (W. Ind.) 

P f Branchial sac papillated on inner surface... 7 

[ No papillae on interior of branchial sac..... 8 

{ Tentacles 25, stigmata normal ... P, papillata, Sluit. (Mai.) 

Tentacles 40, stigmata small round apertures. 

P. Herdmmi , Sluifc. (Mai.) 

q f Body pedunculated . 9 

[Body sessile ..... 10 

^ f Individuals aggregated in masses. P. nigricans, Heller. (Ind. 0.) 

' [ Individuals not aggregated... 11 

, I f 5-12 stigmata in a mesh .... 12 

[ 13 or 14 stigmata in a mesh. P. spiralis, Sluit. (Mai.) 

2 9 f Peduncle almost as long as body .... 13 

^ [ Peduncle much shorter than body.... 14 

[ Apertures conspicuous, branchial anterior, atrial dorsal, lobes distinct. 

P. pedata, Herdm. (Mai.) 

Apertures inconspicuous, both anterior, lobes indistinct. 

P. radicata , Herdm. (Austr.) 

4 a f More than 65 tentacles . P. viridis , Herdm. (Austr.) 

[ Fewer than 50 tentacles .,... 15 

{ Body roundish, attached posteriorly by branching roots, some adhering 

sand . P. pedunculata , Holler. (Austr.) 

Body longish, no adhering roots, surface almost smooth... 16 

f Mantle thin, muscles weak, dorsal lamina wade, anterior part sinuous. 

2 2 * ) P. oligocarpa , Sluifc. (Mai.) 

1 Mantle thick, muscles strong, dorsal lamina smooth and straight. 

( P. data, Heller. (Austr, & Mai.) 

2 ft f Body all covered with sand... 17 

[ Body not sandy, or only partially covered .... 18 

[' 4-6 bars on a fold, 1 or 2 in the interspace. 

17 \ P. pusilla , Herdm, (N.W. Eur.) 

[ 6-9 bars on a fold, 6-8 in the interspace ..... 19 


* Stgela psoloessa, 8, aurita, P, argentata, and P. oUtoria, recently described 
by Sluiter from the Malay Archipelago, too late for insertion in the table, Ml 
into this genus according to my definitions. 

linn, joukn.—zoology, yol. xxiii. 
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PROP# W. A. HERDMAtf’s REVISED 


-j q f 2 or 3 stigmata in a mesh .. P. proem, Sluit, (Mai,). 

| 4-1.0 stigmata in a mesh..... 


on [Siphons very long .... P. longisiphomca, Herdm. (Austr.) 

m [ Siphons not unusually long......... 

2 | f Test prolonged into branched hair-like processes. 

[ Test not provided with these processes or fibres .. 


1 Apertures close, conspicuous, yellow speckled with red, 

P. comata, Aid. (N.W.Eur.) 
Apertures distant, inconspicuous, dark brown colour. 

P. molguloides , Herdm. (Austin) 


Individuals very small, like pellets of sand. 

P. pilclla, Herdm. (S. All.) 
Individuals not small ..... 


20 

21 


24 


f Test having processes for attachment; tentacles 1(5-20. 

24 • P. sabidom, Heller. (Med.) 

[No processes of test for attachment present .. 25 

ok f Atrial aperture at anterior end ... P. tinctor, Q. & G. (Austr.) 

[Atrial aperture at posterior end... P. Stimpsoni, Heller. (Austr.) 

jg f Dorsal lamina a plain membrane . 2(5 

\ Dorsal lamina not a plain membrane. 27 


( Dorsal lamina ribbed only in the anterior part. 

P. captiosa , Sluit. (Mai.) 

Dorsal lamina with partial ribs along the entire length. 

l\formosa, Herdm. (N. All.) 


2 q f Tentacles numerous, GO or more... 28 

\ Tentacles not numerous, 40 or less. 20 


{ Dorsal tubercle irregularly horsesboe-sbaped, one horn turned out. 

P. rugosa, v. Dr. (S. Atl.) 

Dorsal tubercle nearly circular, horns turned in. 

P. pomaria, Say. (N.W. Eur.) 

f Body free, covered with sand, &c. 80 

1 Body attached, test exposed or only partially incrusted .. 81 

('Surface smooth, regular, fine sand grains; colour yellow-brown, 
qq J # P. carta, Herdm. (N. Ail.) 

J Surface rough, irregular, stones &c. attached ; colour dull yellow. 

1 P. monemis, Herdm. (N.W, Eur.) 

f Test cartilaginous, with bladder-cells. 

31 | P- amdioidcs, n. sp. (Austr.) 

( Test not cartilaginous, no bladder-cells... 32 

00 [Test quite black...... •>•> 

^[ Test not black ...84 

( Fixed by shaggy fibres, foreign matter attached. 

P. obwara, Heller. (Austr.) 

Test with no fibres, surface free from foreign matter. 

P. cri/ptocarpa, Sluit. (Mai.) 
f Body discoid, flattened antero-posteriorly, tentacles 1G. 

34 > P. disco idea, Heller. (Med.) 

( Body not flattened antero-posteriorly... 35 

j Surface nearly smooth..... . . iitt . 

1 1 Surface, irregular and crumpled, or mamillated .87 

8 G { S ia P c hhlui]iQ ... P- tumida, Heller. (W, Ind.) 

[ (Shape not ball-like ..*.,.... 33 

gg |Posterior end narrow ..... . .. 80 

[Posterior end broad and rounded .40 


























CLASSIFICATION OF THE TUNIC AT A. 


585 


40 


50 


41 


Alimentary canal forms a very wide loop, open dorsally. 

P. patens , Shut. (Mai.) 

Alimentary canal not forming a wide loon. 

P. Eaddoni, n. sp. (Austr.) 

, Colour dark, though not black ... P. nelmlosa , Heller. (Austr.) 

[ Colour light, yellowish or greyish while .,. 

Anus fringed, stomach ovate. P. argoensis, llerdm. (N.W. Eur.) 

Anus not fringed, stomach elliptical. 

P. grewilis , Ileller. (Med.) 


^ f Test tough and leathery . 

* \ Test soft, may be thick . 

f Dorsal tubercle spongy and irregular. 

45 P. sulcata , llerdm. (Mai.) 

I Doi’sal tubercle not spongy, normal .. 

j Dorsal tubercle circular in outline. P mollis, Heller. (?) 

44 Dorsal tubercle irregularly §~shupQcl, 

[ P. clong at a, n. sp. (Austr.) 

42 f Tentacles all one length .. P. rlgida, Herdm. (Austr.) 

^ 1 Tentacles of different lengths. 

4 * f Meshes divided by a horizontal vessel . 

1 Meshes not divided horizontally. 

47 f Stigmata 0-8 in a mesh . 

[ Stigmata 10-12 in a mesh. P. Jhissi, Herdm. (Austr.) 


4 g J Test thick and tough . 

[Test thin. P. tormiana , n. sp. (Austr.) 

40 f Colour dirty yellowish white. P. irregularis, Herdm. (Mai.) 

[ Colour dark purplish brown .... 

I Inner surface of mantle with minute brown pigment-spots. 

J P. wnca, n. sp. (Austr.) 

Inner surface of mantle without pigment-spots. 

I P. fitlva, n. sp. (Austr.) 


4 « ( Siphons prominent and conspicuous ...*. 

[ Siphons not prominent or conspicuous ......... 

[ Test thin; stigmata 7-8 in a mesh. P. Mayeri, Trausfc, (Med.) 

51 Test thick and opaque; stigmata 3 in a mesh. 

j P. aspera, Herdm, ($. Ail.) 

ro J Body cylindrical, colour red ...... P. rustica, Linn. (N.W. Eur.) 

{ Body not cylindrical, colour brownish .. 

f Inner surface of test pearly grey-white ; stigmata 10-12 in a mesh. 

pt . | * P. variant*, Holler. (Med.) 

j Inner surface of test light brown, with dark specks ; stigmata 7-9 in a 
[ mesh... P. fastigata, n, sp. (Austr.) 


41 


42 

43 


44 


45 

4(5 

47 

48 


49 


50 


51 

ro> 


53 


The following species of Cynthiitke have been so insullieicntly 
described that it is impossible to say with certainly which genera 
they belong to:— 

Cynthia quadrangular is, Eorb. (N.W. Eur.) 

C. informis, Forb. (N.W. Eur.) 

C. Ihiiadna, Forb. (N.W. Eur.) [? Forhesellu.] 

C. munmillaris , Tallis. (N.W. Eur.) 

(/. ampulla,, Drug. (N.W, Eur., Med.) 

42*' 
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3PU0T\ W. A. TTERDKAN’s REVISED 

G, tuberosa # 3 Maeg. (N.W. Eur., Med.) 
a salmlosa, Stimps. (Aunfcr.) [StyolintoJ 
C. partita Stimps. (Ill. N. Am.) 

C. ovails. (?) 

(7. violacca , Aid. (N.W, Eur.) 

C. corlacea , Aid. & Hanc. (N. W. Eur.) 

6 ' sideatida, Aid. (N.W. Eur.) 

6 ' gmnuluta, Aid. (N.W. Eur.) 

C. monoceros„ Moll. (E. N. Am.) 

0. carnea , Ag. (E. N. Am.) 
a dellifern, Terr. (E. N. Am.) 

<7, putvhclla, Terr. (E. N. Am.) 

(7. opaJina, Aid, (N.W. Eur.) 

C'. (jlacialis. (?) 

6 7 angidans , Stimps. (S. All.) 

0. feviwimaj Stimps. (Austr.) [Cyntluiiuo.] 

(7. dumosa, Stimps. (Austr.) [Cyutliimue.] 

<7. sataumensis , Stimps. (Japan.) 

0. ddkatula , Stimps. (? Japan.) 

(7, ocellifcra , Stimps. (China.) 

0. gemmata , Stimps. (China.) 

< 7 . araneosa, Stimps. (China.) • 

(7. Say. (Bed S.) [lYiCfroowaws ?] 

(7, rosea, Aid. (N.W. Eur.) 

Stycfa $iq)a> Heller. (S. Atl.) 

& areolata, Heller. (Ind. 0 .) 

6 '. Uneafa , Beck. (Arcfc.) 

& variabiiis. (?) 

S. fibrillata. (?) 


Family III. ASCIJDIIIAZE, Kerdmcm, 1880. 

attached, usually sessile, rarely pod calculated, Branchial 
aperture usually 8-lobed, atrial usually 6-lobed. 

gelatinous or cartilaginous, rarely cduliliaceous or horny. 

Branchial sac without folds. Internal longitudinal bars pre¬ 
sent and usually papillated. Stigmata straight or curved. 

Tentacles simple, filiform. 

Alimentary canal either at one side of the branchial sac (usually 
the left) or extending beyond it posteriorly. 

Gonads placed close to the intestine. 

There are four subfamilies—the Corellinse, the Hypobythiina?, 
^he Ascidiinae, and the Cioninae. 


* This species is described as haying 0 folds on each side of the branchial 
sac, and simple tentacles. 
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Subfamily Coeellinie, Herd-man , 1882. 

Body attached, sessile or pedunculated. Branchial aperture 
with 8, 6, or no lobes. 

Test cartilaginous, gelatinous or horny. 

Branchial sac provided with internal longitudinal bars. Stig¬ 
mata curved. 

Alimentary canal usually on right side or dorsal edge of 
branchial sac. 

This subfamily contains 8 genera which may bo separated as 
follows:— 

f Test modified to form horny (chitinacoous) plates ... CheXyosoma. 


Test soft and gelatinous or cartilaginous ..... 1 

Body sessile p viscera on right side of branchial sac . Coreila. 


I -j Body pedunculated; viscera on dorsal edge of branchial sac. 

[ C.orynascidia. 


ClIELYOSOMA, Brod. <j’ $020., 1820. 

Body flattened antero-posteriorly, depressed and attached. 
Branchial and atrial apertures both 6-lobed. 

Test modified on the upper surface to form polygonal horny 
plates, definite in shape and position. 

Branchial sac with curved stigmata. 

Dorsal lamina represented by languets. 

Alimentary canal on left side of branchial sac. 

Gonads forming a network over the intestinal loop. 

There are two known species;— 

With the test of the upper surface divided into 8 plates. 

C. Madvayanuni, Brod. & Bow. (Afcl., Arcfc., Pac.) 

With the test of the upper surface divided into 14 plates, 

C, production, Blimps. (N* Pac.) 

Coeynascidia, Her dm an, 1882. 

Body elongated, pyriform, pedunculated. Apertures not 
lo'bed. 

Test gelatinous or membranous. 

Branchial sac extremely delicate. Internal longitudinal bars 
present, but not provided with papilla). Interstigmatic vessels 
and stigmata coiled spirally. 

Dorsal lamina represented by languets. 

Tentacles simple, filiform. 

Alimentary canal on dorsal edge of brancliail sac, running 
antero-posteriorly. 

Gonads forming a mass placed on the posterior end of stomach. 
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' PBOF. W. A. DEEDMAU’S BE VISED 


This genus contains the single £ Challenger 3 specieswfls Cory - 
cidia Snhmi , Herdinan, of which specimens were obtained in the 
South Pacific from a depth o£ 21G0 fins*, and in the Antarctic 
from a depth of 1375 fins* 

Co bella 5 Alder Sf Hancock , 1870. 

Body attached, occasionally free, sessile. Branchial aperture 
8-lobecl, atrial 6-lobed. 

Test gelatinous or cartilaginous, but soft and semitransparent. 

Branchial sac with no papillae on its internal longitudinal bars. 
Stigmata curved and placed in the walls of regularly arranged 
infundibula; iuterstigmatic vessels spirally coiled* 

Dorsal lamina represented by languets. 

Tentacles simple. 

Alimentary canal on the right side of the branchial sac. 

Gonads forming a network round the median part of the in- 
testine. 

The species of Corclla are as follows:— 


f Atrial aperture anterior .... 1 

| Atrial aperture dorsal... 2 

(‘Atrial aperture placed on a very long projection. 

\ ' 0. tarvaformis, Hanc. (NAY. Eur.) 

[ Atrial aperture sessile, or on a short siphon. 3 


j Musculature strong on left side... C.parallelogramma, O.E.M. (N.W, 

3 ■ Musculature very weak on both sides. [Eur., Med.) 

[ C. mhrnfa, Traust. (W. Ind.) 

('Anterior end wide, atrial aperture not far from branchial. 

2 . C. ova fa, Hanc. (N.W. Eur.) 

[ Anterior end narrow, atrial aperture distant from branchial. 4 

a ( Tentacles of more than one size .. 5 

1 \ Tentacles all of one size. C.jttpontca, Ilerdm. (Pac., Mai.) 

r f Tei i fcacles 50 .... 0 

° | Tentacles over 100... C. noi'cme, v. J)r. (Ind. 0.) 

( Tentacles of 2 sizes, dorsal tubercle horseshoe-shaped. 

C. vumyotci, Traust. (S. Atl) 

Tentacles of 3 sizes, dorsal tubercle semilunar. 

(J. borealis , Traust. (Aret.) 

Subfamily Hypobxtiiii:n2e, llerdman, 1882. 

Body pedunculated, fixed. Apertures not lobed. 

Test gelatinous or cartilaginous. 

Branchial sac with no internal longitudinal bars. Stigmata 
small and irregular. 

Viscera on dorsal edge of branchial sac. 

This group contains the single genus Ilyyoby thins. 
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Htpobttiiius, Moseley, 1876 [& Herd man, 1882], 

Body cup-shaped or pyriform, pedunculated, attached. Aper¬ 
tures circular, not lohed. 

lest cartilaginous, hut soft and thin, thickened in places to 
form plates. 

Branchial sac not folded, and with no internal longitudinal 
bars. Stigmata small, rounded, and irregularly placed. 

Dorsal lamina a plain membrane. 

Viscera forming a compact elongated mass on the dorsal edge 
of the branchial sac. 

This remarkable deep-sea genus contains two species, obtained 
during the * Challenger 5 Expedition from depths of 2900 and 
600 fms.:— 

Body on a long peduncle; test thickened to form many rounded 
nodules or plates. II. caly codes, Mos. (N. Pae.) 

Body on a short peduncle; test only thickened to form a single 
plate on dorsal edge . II. Moseleyi, Xlerdm. (8, Atl.) 


Subfamily AscmiXNiE, Herd man, 1882. 

Body usually attached by left side or posterior end. Branchial 
aperture with at least 8 lobes; atrial with at least 0 lobes. 

Test gelatinous or cartilaginous. 

Mantle with the musculature forming an irregular network, 
which is strongest on the right side. 

Viscera on the left side of the branchial sac. 

Branchial sac provided with internal longitudinal bars. Stig¬ 
mata straight. 

Dorsal lamina usually a plain membrane, rarely langucts 
( Abyssascidia ). 

This subfamily contains 5 genera, as follows:— 


f Dorsal lamina present as a membrane ....... 1 

\ Dorsal lamina represented by languets .. Abyssascidia. 

I f Branchial sac recurred posteriorly . Phallusia, 

[ Branchial sac straight ....... 2 

o f Nerve-ganglion close to dorsal tubercle.. Ascidiella, 

M \ Ganglion distant from dorsal tubercle .. 3 

o f Test very hard, thick and stiff .. Pachychlaena. 

\ Tost soft and flexible.Ascidia, 


Phallusia (Sav., 1816), Houle, 1884 
Body erect, attached. 

Test cartilaginous. 
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PROF, W. A, IIERBMAN ? S REVISED 


Branchial sac with its posterior part recurved upon itself. 

Nerve-ganglion and neural gland distant from tlie dorsal 
tubercle. 

Dorsal lamina extending behind the oesophageal aperture. 

jRenal concretions always enclosed in the intestinal wall, and 
never extending into the mantle. 

This contains the single well-known species P. mmimillaia , 
Cuv* (N.W. Eur., Med.). 

Ascidiella, Boale , 1884. 

Body attached by posterior end or left side, not incrusted 
with sand. Branchial and atrial apertures not far distant. 

Branchial sac with no intermediate papilla on the internal 
longitudinal bars; not folded on itself posteriorly. Transverse 
vessels of two sizes, placed alternately. 

Nerve-ganglion and subneural gland placed close behind the 
dorsal tubercle. 

Dorsal lamina not continued posterior to the oesophageal 
aperture. 

Benal concretions extending into the left side of the mantle 
as well as the intestinal wall. 

The known species of Ascidiella * may be separated as follows 

f Branchial sac with papilla . 1 

[No papillm in branchial sac..... 2 

( With a rery wide open intestinal loop. 

A. archala , Shut. (Mai.) 

With the usual narrow intestinal loop. 

A. venom, O.F.M. (N.W.Eur., Med.) 


( Fixed by a posteriorly placed peduncle. 

*1 A. htfaria , Koulo, (Med.) 

[ Not fixed by a posterior peduncle ...... 3 

(Body triangular, wide posteriorly, narrow anteriorly, 
j A, triangularis , Ilerdm. (N.W. Eur.) 

[ Body nearly cy 1 indrical or clli psoidal' ...... 4 

(Dorsal lamina with a plain edge. 

| A. virgima t, 0.E. M. (N.W. E., Med.) 

[ Dorsal lamina with the edge toothed or irregular .... 5 


* Some of the older species of Ascidia which have not been re-investigated 
lately may belong to this genus. I place here provisionally the remarkable 
Ascidia archaia described lately by Sluiter from the Malay Archipelago. The 
position of the ganglion is not known. « I'hallima scabroidcs” named by Ed. 
Tun Beneden and Julin, hut not yet sufficiently described, appears to belong to 
this genus. 

t The Ascidia sordida of Alder & Hancock. 
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(Attached by small area at posterior end, lobes of buccal siphon den- 
| tieulated, stigmata 5 in a mesh. 

5 \ A. aspersa *, 0. F. M. (NAY. Eur, & Mod) 

| Attached by large area on left side, buccal lobes rounded, stigmata 
( 12 in a mesh .... A. scabra, 0. F. M. (NAY. Eur. & Med.) 


Ascidia, Linn 1767. 

Body attached, sessile, rarely pedunculated; free or incrusted 
with sand. Branchial and atrial apertures not dose together; 
branchial 8-lobed, atrial 6-lobed +. 

Test cartilaginous or membranous, soft or bard, usually crowded 


with large bladder-cells. 

Branchial sac not folded on itself posteriorly; sometimes 
minutely plicated. The internal longitudinal bars usually bear 
papillae. The stigmata are straight; three smaller transverse 
vessels between each pair of larger. 

Nerve-ganglion and subneural gland distant from the dorsal 
tubercle. 

1Dorsal lamina a simple membrane which may be transversely 
ribbed and have marginal teeth, or may be perfectly plain. It is 
continued behind the oesophageal aperture. 

Tentacles simple. 

Alimentary canal on tlie left side of the branchial sac. 

Gonads iu the intestinal loop. 

JRenal concretions always contained in the intestinal wall, 
never extending into mantle. 


f Test completely invested with sand ..... 1 

{ Te>t not completely invested with sand....,... 2 

f Siphons short... A, conchihya, 0, F. M, (NAV. Eur.) 

' \ Siphons very long . A, involutiiy Heller. (Med.) 

Two individuals always found together in a common test. 

A. dhplozoon , Sluit. (Mai.) 

Individuals occurring separately............. 3 

. ( B ranclvial sac not plicated . 4 

\ Branchial sac minutely plicated. 5 

• f Stigmata exceeding 7 in a mesh. A.Patoni , Hordm. (NAY. Eur.) 

\ Stigmata less than 7 in a mesh .....■ (> 

. 7 

. 8 


. f Tentacles numerous, about CO. 

* \ Tentacles not numerous, about 40 . 


- f Dorsal lamina with plain edge, very slight ribs. 9 

\ Dorsal lamina with toothed edge and distinct transverse ribs.. 30 

f Stomach ovate or globular .. 11 

10 \ Stomach elongated and sausage-shaped. 


A. dijwiphniana, Traust. (Arct.) 


* Including Amdia pmtulosa, Aid. & Hanc. 

t Sluiter has just described a species, Ascidia decemplex, from the Malay 
Archipelago, with ten lobes round each aperture* 
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TROT. w. a, hehdman’s revised 


11 


Dorsal tubercle very small. 

A. Salvator is*, Trausi (Med.) 

[ Dorsal tubercle large...... A. glacialis, Traust. (AreL.) 

f Transverse vessels alternately large and small. 

9 • A. tritoms , Herdm. (N. Atl.) 

( Transverse vessels all much same size ... 

f Transverse vessels slender, apertures both anterior, 
p ] A. egliiulmcea, Herdiu. (Ausfcr.) 

** 1 Transverse vessels wide, atrial aperture some way back. 

(. A. nodosa, Sluit. (Mai.) 

f Intermediate papillae present. 

8 j A. tenera , Hcrdin. (S. Atl. & Mag.) 

I No intermediate papillae present... 

Body very much elongated, siphons conspicuous. 

A. cur vat a, Traust. (W. Xnd.) 

Body not elongated, siphons inconspicuous 


12 


13 • 


1 ,, (Tentacles 20-25. A. de&pccta, Herdm. (A. Arct.) 

\ Tentacles 35-40., 


f Dorsal tubercle simple, |J-shaped. 

I A . cxigua t, Hordm. (N.W. Eur.) 

1 Dorsal tuborcle horseshoe-shaped. 

[ A. fate iff era, Herdm. (N. Atl.) 


- f Plication of the branchial sae very slight 
° \ Plication strongly marked 


13 

14 

15 


16 

17 


f Apertures both near centre of upper surface. 

| A. aspera, Heller. (Med.) 

I Apertures not in centre, but at dorsal edge. 

[ A. muricata, Heller. (Med.) 

f Surface covered with short hairs. 

17 j A. capillata, Sluit. (Mai.) 

Surface free from hairs ... 


f No papillae on internal longitudinal bars. 

18 A. patula, O. F. M. (N. W. Eur.) 

( With internal longitudinal bars papillated ... 


iq (Body erect, attached by small area posteriorly. 

A { Body recumbent, attached by greater part of left side . 


f Prebranchial zone with papillae 

\ Prebranchial zone not papillated ....... 

f Papilke of prebranchial zone very largo. 

22 -j A. mclanosfojita, Sluit. (Mai.) 

[ Papillae small. A. prumm, 0. F. M. (N.W. Bur. & Med.) 

ejn (Tentacles numerous, 60 or more,.,,.,....... 

" \ Tentacles not numerous, 25 to 35 ...... 


24 


'Test very dark coloured 
Test not of a dark colour. 


26 


[■Intermediate papilke on the internal longitudinal bars. 

A. nigra, Sav. (All., Bed S.) 
No intermediate papillm on the bars. 

A. atm, Les. (W.Ind.) 

cyj ( Body free, not attached ... 

w * (Body attached ..... 


18 


19 

20 
21 
22 
23 


24 

25 

26 
27 


28 

29 


* This is the A. oblonga of Transtech's former paper, 
t this may possibly be the young of some other species. 
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28 


29 


30 


f Dorsal tubercle irregular, aperture broken up into 4 distinct sections. 

| A. liber at a, Sluit. (Mai.) 

Dorsal tubercle normal, aperture not broken up. 

[ A. limom, Sluit. (Mai.) 

(Body pear-shaped. A. ‘pyriformis, Herdm. (Ausfcr.) 

\ Body not pear-shaped ..... 

f Dorsal tubercle semilunar in shape . 

\ Dorsal tubercle not semilunar. 


f Test transparent .. A.dyeloides, Traust. (W. Ind.) 

31 j Test thick and soft, not transparent. 

[ A. meridional is, Ilerdm. (S. All.) 

f Atrial aperture not more than y way down body. 

J A. ChaUongen, Herdm. (A.Arct.) 

Atrial aperture more than way down body. 

I A. moitida * 0. E. M. (N.W. Eur. A Med.) 

| Dorsal tubercle longer anlero-posteriorly than laterally. 

[ Dorsal tubercle longer laterally than antero-posteriorly. 

f Dorsal tuberele heart-shaped. 

J A. truncata , Ilerdm. (N.W. Eur.) 

° Dorsal tubercle serpentiform. 

A. tramheida 1*, Herdm. (A. A ret.) 
f Stigmata 2-0 in a mesh... A.fusiformis .[, Herdm. (N.W. Eur.) 

/'Test soft, easily torn; stigmata long and narrow. 
or J A. placenta, Herdm. (A. Aret.) 

° Test not soft; stigmata rather short. 

[ A. lata , Herdm. (N.W. Eur.) 

e> | J Body partly incrusted with sand, &c. 

w [ Body not incrusted with sand .... 

( Body of a dull green colour, tentacles about 70. 

A. flebda, Aid. (N.W. Eur. & Mod.) 

Body not of a green tint, tentacles 10-15. 

A. vaudata, Heller. (S. Atl.) 

«h. J Dorsal lamina with a plain edge..... 

\ Edge of dorsal lamina not plain.... 

( Test thick, cartilaginous, opaque, but with no adhering prolongations. 
J A. (juudruta, Traust. (Med.) 

J Test rather thin and transparent, with prolongations round the area 
! of attachment...... 


30 

31 

32 


33 

34 


35 


50 

37 


38 

39 


40 


f Siphons long, conspicuous; tentacles 00. 

j A. eanaliculata, Heller. (S. Ail. A Mai.) 

j Siphons short, wart-liko, inconspicuous ; tentacles 40-50. 

[ A.prostratu, Heller. (W. ind.) 

«« f Test very dark coloured... A. fumigata, Grubo. (Med., N.W. Eur.) 

1 \ Not of a dark colour.......... 

f No dorsal tuberele, neural gland opening into atrium. 

41 * A. Marioni , ltoule. (Med.) 

[ Dorsal tubercle present, with neural gland opening on it .. 


41 


42 


* The number of tentacles in this species seems variable. Amdia iueramia, 
Heller, also comes in here, but cannot readily be distinguished from the de¬ 
scription. 

t Sluiter has just described a new species from the Malay Archipelago under 
this name “ tranducidaA It is, however, quite distinct from the ‘ Challenger * 
species, and will require to be i*enamed. 

I The A, Olrikii of Traustedt (1883), described by him in 1880 under the 
name of A. meniula % seems indistinguishable from this species. 
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f Body 4 or 5 times longer than broad. 

42 ■ A. elovgata, Boule. (Med.) 


( Body not much longer than broad.... 43 

/ Appearance porcelain-like . 44 

[Not porcelain-like... 45 


f Mantle blue, test cartilaginous and smooth. 
a * J A. amchnoklea, JForb. (Mod. & N.W, Bur.) 

J Mantle milk-white, test warty and fibrous. 


[ A. inyerhi ', Traust. (Med.) 

f Stigmata 1 large and 2 small, or 4 small in a mesh. 

45 j A. kwneides, SI. (Mai.) 

j Stigmata not so arranged. 46 

f Test containing a remarkable abundance of branched vessels. 

46 j A. reptcins*, Heller. (Med.) 

[ Test with no remarkable development of vessels . 47 

am f Dorsal tubercle horseshoe-shaped ..... 48 

\ Dorsal tubercle not horseshoe-shaped.... 49 

f Apertures far apart, test thiekish, dorsal tubercle rounded. 


^ J -4. depremuscnla , Heller. (Ind. 0.) 

I Apertures not far apart, test not thick, dorsal tubercle cordate, 

[ A. obligua t, Aid. (N.W. Eur. & Med.) 


f Branchial sac with intermediate papillse . 50 

L Branchial sac with no intermediate papilim . 51 

f Stigmata short, 4 or 5 in a mesh. 


gQ J A. depressa, Aid. (N.W. Eur., ? Med.) 

j Stigmata long, 10 in a mesh. 

V A, koreana, Traust. (Pac.) 

r -j J Transverse vessels of 3 sizes..... 52 

* [ Transverse vessels not of 3 sizes ... 53 

f Body thrice as long as broad, siphons very long. 

*2 J A. long Hub is, Traust. (W. Ind.) 

^ j Body almost as broad as long, siphons not. very long, 

[ A.pusilla, Traust. (Mecl.) 

f Test rather thick and smooth .... 54 

53 j Test rather fcbin and wrinkled. 

( A. malaca, Traust. (Med.) 

f Colour yellow-grey, tentacles 40-50. 
r i J A. interrupta, Holler. (W. Ind.) 

Colour milk-white, tentacles 60-70. 

| A. hygomima, Traust. (W. Ind.) 

The following species of Ascidia J are not sufficiently charac¬ 
terized to be put in the table. Some are probably synonyms 
of well-known species, others may be distinct species, but require 
further examination and redescription; a few probably do not 
belong to this genus :— 

* A. va$eulosa t Ilerdm. (from Kerguelen), has also numerous vessels in the 
test, but as only the test is known I have excluded the species. 

t A.pdlucida, Aid. & Hane., comes close to this, and as no details are known 
in regard to its internal structure it cannot be separated from A. obligua . 

I Wagner’s Hyalosoma singulare, from the White Sea (not Hyalonema , as 
misquoted by Traustedt), seems to me to be merely a young specimen of an 
Ascidia , 
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Ascidia opalina, MacGill. (N.W. Eur.) 

A. orbicularis, O. F. Mull. (N.W. Eur.) 

A. complanata, Fabr. (N. Atl.) [Also A, complanata, Verr.] 
A. vitrea, y. Ben. (N.W. Eur.) 

A. cavernosa, Los, (W. Ind.) 

A , albeola, Les. (W. Ind.) 

A. multiformis , Les. (W. Ind.) [? Molguliclsc.] 

A. variabilis, Los. (W. Ind.) [? Oyntluidio.] 

A. avails, Les. (?) 

A. prohoscideu, Les. (W. Ind.) 

A.lohifera, Les.* (W. Ind. ?) 

A. sydneicnsis, Stimps, (Austr.) 

A. suocida, Stimps. (Austr.) 

A. tubifcra, Stimps. (China.) 

A,. catcata , Stimps. (Jap.) 

A, rudis f, Aid. (N.W, Eur., Med.) 

A. a Mela, Aid. & Iianc. (N.W. Eur.) 

A. dUptica, Aid. & Iianc. (N.W. Eur.) 

A. pcUucida, Aid. & Iianc. (N.W. Eur.) 

A. affinis, Aid. & Iianc. (N.W. Eur.) 

A . mollis, Aid. & Iianc. (N.W. Eur.) [Also A. mollis, Verr.] 
A. Normani, Aid. & Iianc. (N.W. Eur.) 

A. plana, Iianc. (N.W. Eur.) 

A. Alderi, Iianc. (N.W. Ear.) 

A, nihro-tincta , Iianc. (N.W. Eur.) 

A. rubicunda, Iianc. (N.W. Eur.) 

A. robusta , Hanc. (N.W. Eur.) 

A. crassa, Hanc. (N.W. Eur.) 

A ,, inornata, Hanc. (N.W. Eur.) 

A, product,a, Hanc,, (N.W. Eur.) 

A . elongata, Aid, & Hanc. (N.W. Eur.) 

A, corhicm, Heller, (Mod.) 

A. verrucosa, Heller. (Med.) 

A, ntbescens, Heller. (Med.) 

A. Sucnsomi, TYaust. (Pae.) 

A, capsicum , Costa. (Med.) 

Phallnsia sulcata, Sav. (Med.) 

Ph. davigera, Otto. (Med.) 

Ph. claim, Bisso, (Med.) 

Ph. hdothurioides, Bisso. (Med.) 

Ph. livida , Bisso. (Med.) 

Ph, in for mis, Phil. (Mod.) 


* Lesueur also gives a list of 80 species of Ascidia (names only), chiefly from 
the Pacific, none of which are now known (see Journ, Philad. Acad. N. S. 
vol. ili. p. 8, April 1828). 

t This, and a number of the following species of Alder and Hancock, may 
very likely be good species, but they require redescription. 

Through the kindness of Canon Norman I hayc been enabled to examine the 
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pA€iiYcnLiE5rA, llerdman , 1880 , 

I?W?/ attached, sessile. Branchial aperture 8-lobod, atrial 

6-lobed. .... . 

Test cartilaginous—or tougher, like india-rubber—*'very thick, 

solid and opaque. 

.'Branchial sac longitudinally plicated. Internal longitudinal 
bars bearing large papillae at the angles of the meshes. Stigmata 
straight. 

Dorsal lamina in the form of a membrane. 

Tentacles simple. 

Alimentary canal large, placed on the left side of the branchial 
sacs, 

Three species are distinguished from the species of AscuUa 
by their remarkably thick and rigid tests :— 

{ Dorsal lamina not toothed at the margin. 

P, gk/antea, , Ilerdm. (S. All.) 

Dorsal lamina strongly toothed at the margin. 1 

[ Trans, vessels in branchial sac of two sizes, placed alternately; papilla) 

notlobed...... P, oblunga, Herdm. (Austr.) 

Trans, vessels all one size; papilla) Lohed. 

IK obesa , Ilerdm. (Austr.) 

Abyssascidxa, Herclman, 1880 . 

j&ocly oblong, attached by ventral surface. Branchial aperture 
with from 8 to 12 lobes, atrial with from G to 8 lobes. Apertures 
far apart. 

Test soft, cartilaginous, and transparent. 

Mantle thin. Muscle-bands chiefly on one side, irregular and 
feeble. 

Branchial sac very delicate, not; longitudinally plicated. Stig¬ 
mata straight. 

typo specimens of some of Alder mid Haucock’s species which are in his col¬ 
lection, and I hope in time to bo able to examine the rest., and perhaps to re¬ 
establish or clear up the synonymy of Home of the lit Go-known or doubtful 
forma. Dr. Norman Inis drawn up for me the following paragraph explanatory 
of the very meagre published descriptions of the species named by those excellent 
investigators 

“It is much to be regretted that an important work on British Tunica!a by 
Messrs. Alder and Hancock, to the preparation of which many years had been 
devoted, and which at the time of their death was nearly ready for publication, 
has oiever been printed. No doubt in some respects the anatomical and phy¬ 
siological results may have been partially at any rate anticipated, but Albany 
Hancock’s researches were always so thorough that it cannot be doubted that 
they would disclose much of great; value, while more detailed specific descriptions 
of the species briefly described by these authors are absolutely necessary for their 
positive identification,” 
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Dorsal lamina represented by languets, which, may be united 
by a narrow membrane. 

Tentacles simple, filiform* 

Viscera on either right or left side of branchial sac. Intestine 
small, posterior to the oesophagus and stomach, and forming a 
loop open dors ally. Stomach short and wide. 

Gonads forming a round mass situated on the intestinal loop. 

This genus is the aberrant member of the subfamily. It is 
intermediate in its characters between Ascidia and Oorella. It 
contains the two * Challenger ’ species Abyssascidia Wyvillii , 
Herdman, obtained from the south of Australia, at a depth of 2GOO 
fathoms, and Abyssascidia vasculosa , Herdman, obtained in the 
Antarctic south-west of Australia, from a depth of 1950 fathoms. 
They differ, amongst other points, in the following:— 

Apertures 12- and 8-lobed, languets separate, viscera on 
right side . A. wgviZHL 

Apertures 8- and 6-lobed, languets united by membrane, 
viscera on left side ..... A . vasculosa , 

Subfamily 0 i o n i n je, Route, 1884. 

Body more or less cylindrical, attached by posterior end. 

Test thin and gelatinous, may be modified anteriorly to form a 
lobe covering the apertures. 

Mantle with the musculature mainly longitudinal. 

Branchial sac provided with internal longitudinal bars. Stig¬ 
mata straight. 

Dorsal lamina represented by languets. 

Alimentary canal on left side of branchial sac, extending pos¬ 
teriorly to it. 

I use this subfamily in a somewhat different sense from that 
proposed by Houle. Keeping Cion a as the typical form, I remove 
lihogalma to the family Clavclimdse, and I substitute in its place 
llhodosoma , which seems to me to have more affinity with Cion a 
than with Ascidia* 

The two genera are as follows :— 

1 Test modified anteriorly to form an operculum covering the aper- 

tures ...Tthodosoma. 

Test not modified .... Ciona. 

\ 

A Ehodosoma *, JEhrenbery, 1828* 

\pdy cubical or cylindrical, attached, truncated anteriorly. 

is the O/icumdms ot Lacazo-Dutbiers (L8G5), the Schteascm of Stimp- 
and the Pent (not Pera, of 8thu.pson) and Peroidcs of Macdonald. 
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Test folded at the anterior end, so as to form an operculum 
covering the apertures. The test is hard and cartilaginous. 
Branchial sac with the stigmata large and straight. 

Dorsal lamina represented by a series of langucts. 

. Alimentary canal on right side of branchial sac. 

Gonads forming a network round the median part of the 
intestine. 

There are two distinct species known:— 

The dorsal tubercle simple, keyhole-shaped. B. callensc, Lae.-Duth. (Med.) 
The dorsal tubercle horseshoe-shaped . 11. pyxis, Truest. (W. 1ml.) 

Three other (?) species— B. semi nudum , Heller (VST. Ind.), 
B. pellucidum , Slumps. (China), and B. papillosum, Stimps. 
(China)—require re-examination. 


Cioka * (Savigny , 1816), Fleming, 1S2S. 

Body cylindrical, attached. Apertures anterior, not distant. 
Test gelatinous or membranous. 

Mantle with the .musculature well developed on both sides, 
forming a few well-marked longitudinal bands. 

Branchial sac with the stigmata straight. 

Dorsal lamina represented by a series of langucts,' 
Nerve-ganglion and neural gland placed close behind the dorsal 
tubercle. 

Alimentary canal extending behind the branchial, sac. 

Gonads placed on the left side in the intestinal loop. 


[‘ Animals attached in groups by interlocking of villi from posterior end 

of lest ... 0. fascicatari*, Hane. (N.W. Bur.) 

Animals separate, solitary ....... 1 

f 'Body fixed by the whole of left aide {IHeurociona , Boule). 

I * t C. Mwarthi , Rcnile. (Med.) 

[ Body fixed by posterior end or a part of left side..... 2 

['Transverse vessels all the same size, meshes not divided 

a nemimji , Herdm, (N. Ml) 

k Transverse vessels of two different sizes, mealies divided horizontally... # 
[' Test rough with sharp-pointed projections. 

3* 0. Herdm. (Tap.) 

[ Test smooth, no projections on test ...... 4 

[’ Fixed by posterior end and short processes of test, siphons unequal... 
Fixed by part of left side, not posterior, siphons equal, 

C. Saviymi, Herdm, (Jap., Med.) 
f Colour brown, mantle vermilion... G.camna, O.F.M. (N.W. Fur.) 

5 1 Colour yellow-green or light grey, mantle same. [Ausfcr.) / 

l 0, intestmalis, L, (N.W. Bur., Med,,/ 

The following insufficiently characterized species prob 

* Including Pleurociona, Route, 
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belong to Ciona, and may, some of them, be synonyms of 0 ,. intes- 
iinalis :— 

Ascidia virescens , Brnguiere. (N.W. Ear.) 

A. comgata , 0, F. Muller. (N.W. Eur.) 

-4. ocellata, Agassiz. (E. N. Am.) 

A. tenella, fe'timpson. (E, N. Am.) 

A. fidchella, Alder. (N.W. Ear.) 

Alim meridionalis, Bisso (Med.), may be a Ciona, or possibly a Clavelinid. 

Family IT. 0LA.YBLINID A, Forbes, 1853. 

Body attached by the posterior end, and usually by means of 
a peduncle, to a creeping basal stolon or common stolonial mass 
from which young aseidiozooids are formed by gemmation. 

Test gelatinous, rarely cartilaginous, usually thin and trans¬ 
parent. Apertures circular, very rarely distinctly lobed. 

Branchial sac not folded, often without internal longitudinal 
bars. The bars, if present, have no papillae. The stigmata are 
straight. 

Dorsal lamina represented by languets. 

Tentacles simple, filiform. 

Alimentary canal usually extending beyond the branchial sac 
posteriorly to form an abdomen. 

Gonads placed in the intestinal loop. In addition to sexual 
reproduction, colonies may be formed asexually by gemination 
from the stolon. 

This family contains 10 genera *, which may be distinguished as 
follows;— 


f Branchial sac with internal longitudinal bare ... 1 

\ Branchial sac without internal longitudinal bars... 2 

j f Body divided in to distinct abdomen and thorax ..... 3 

[No distinct abdomen present .... 4 

Many aseidiozooids united by their posterior parts to form a large 

3 colony...Diassona, 

Few aseidiozooids united irregularly to form small colony.. 5 

r f Branchial sac minutely plicated .. BJiopalsea. 

1 [ Branchial sac not minutely plicated. Tlliopalopsis. 

4 [Blood-vessels in the test..... Sluiteria, 

[ No blood-vessels in the test. Ecteinascidia. 

{> (No distinct abdomen present ........... 6 

M [ *, foment distinct from the thorax..... 7 

n f Brand ial sac with about 4 rows of stigmata . Perophora. 

[ With a out a dozen rows of stigmata . Perophoropsis, 


* Ckmlino^m, Fewbes, probably does not belong to this family. The single 
species C. rubra seems to be a Boltcnia . 

LIlsTr. JOUEN.—ZOOLOGY, VOL. XXIII. 
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f Body divided into thorax, abdomen, and a well-marked peduncle. 

7 J Podoclavella. 

I Body not pedunculated apart from the long 1 abdomen.... h 

( Stolons, and posterior end of body, united in a solid basal mass of. 

g J test...- Stereoclavella *. 

[ Stolons distinct, delicate and branched .... Clavelina. 

DrAZONAf, Saviyny , 1810 . 

r Colony massive, not pedunculated, consisting of a basal mass 
of test surrounding the stolons and from which the aseidiozooids 
project upwards. 

Aseidiozooids elongated, divided into thorax and abdomen, and 
having the latter imbedded in the common basal mass of test. 
Both branchial and atrial apertures anterior and G-lobed. 

- Test solid and thick in the lower part of the colony, thin and 
delicate on the upper free parts of the aseidiozooids. Contains 
numerous pigment-cells. 

Branchial sac large and well developed, with internal longi¬ 
tudinal bars but no papillae. 

Dorsal lamina represented by triangular langnets. 

Viscera extending far behind the branchial sac so as to form an 
abdomen. 

Gonads in the intestinal loop. 

Three forms of Diazona have been described, which may be 
only varieties of one species, D. violacea , Sav.:— 

f With no pigment-lines on thorax. D. in facta, Lain (Hod.) 

■ [ With white pigment-lines ..... 1 

( With pigmented circles round siphons, and inferior branchial circle, 

JJ. riolamt , Sav. (Med. & N.W. Bur.) 

Ho pigmented circles round siphons, branchial circle superior. 

" J), hdmdim, F, & (Lf (N.W. Bur.) 


Rhopamja §, Bhilifpi, 1842, 

Body elongated, divided by a constriction into two parts, 
thorax and abdomen. 

Test thick and cartilaginous. Branchial and atrial apertures 
lobed. 

# Also Pycnoclamlla, G-arst,; see p, 603, 

t This is the Syntetkys of Forbes and Goodsir (1853). 

" f Forbes and Good&ir, in their original description, say that the branchial 
and atrial apertures are not lobed, while Aider states that they arc obscurely 
lobecb In P. violacea they are distinctly lobed, Forbes and Good sir’s figure 
shows pigment around the atrial aperture. 

§ The Bkopalona of Eoule and others. This form has affinities with Cixma 
and the Ascidiidne, but is, I consider, more closely related to the Clavelinidai. 
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Branchial sac minutely plicated; with internal longitudinal 
bars, which are not papillated. 

Tentacles simple. 

Heart and pericardium curved into a U-shape. 

This genus contains two species :— 

Branchial aperture 8-Iobecl, atrial 6. B. neapolitcma, Phil. (Med.) 

Branchial aperture 6-lobed, atrial 12 ... B. cerberianct , Lah. (Med.) 

BnoPALorsis, Rerdman , 1890. 

Body elongated, divided into thorax and abdomen. 

Test cartilaginous. Apertures not distinctly lobed. 

Branchial sac not minutely plicated. Internal longitudinal 
bars present, but not papillated. 

This genus contains the two following species : — 

Test thin anteriorly, dark coloured . B. fused, Ilerdm. (Mai.) 

Test thick all over, light grey . B. crassa , Ilerdm, (Mai.) 

Sluiteria, Bel. v . Ben., 18S7. 

Body short, not divided into thorax and abdomen, united to 
the stolon by a short peduncle. Apertures both 7-lobed. 

Test containing blood-vessels terminating in conical papillae. 

Branchial sac not minutely plicated. Many rows of stigmata 
present. 

Dorsal lamina in the form of a membrane provided with long 
marginal processes. 

This genus was formed for the reception of the single species 
8. rulricollis , Sluiter, from the island of Billiton in the Malay 
Archipelago. 

Egteinasciuia, Rerdman , 1880. 

Body elongated, usually tapering posteriorly, sometimes with 
a short peduncle; hut not divided into thorax and abdomen. 

Test thin and membranous, containing no blood-vessels* Aper¬ 
tures not distinctly lobed. 

Mantle thin, musculature consisting of transverse bands. 

Branchial sac with internal longitudinal bars, but no papilla?. 

Dorsal lamina represented by a series of tentacular languefcs, 
which may be connected at their bases by a narrow membrane. 

Tentacles simple. 

Viscera placed on the left side of the branchial sac, and some¬ 
times projecting slightly beyond it posteriorly. 


43* 
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■ Gonads placed in the intestinal loop, the spermatic vesicles 
forming a crescentic curve around the ovary. 

This genus contains four species, which may bo separated as 
follows :— 

/Tentacles about 40 in number B. diapJianl s', Shut. (Mai.) 

(Tentacles about SO in number.. X 

f Dorsal languets and connecting-duets wide and membranous. 

1 j /<! Moordt ICerdm. (Med.) 

[ Dorsal languets and connecting-ducts narrow and papilliform ......... 2 

f Tentacles of 0 lengths, languets separate. 
o J K tiMuata, Horflm. (N. Atl.) 

| Tentacles not distinctly of 3 lengths, languets united by a narrow 
[ dorsal membrane . & Thiorstoni, Ilordiu. (Lml.O.) 

Ascidia claviformis , Lesueur* (W. Ind.), probably belongs to 
this genus, but is not sufficiently characterized, 

Perophora ( Lister , 1834*), Wiegm 1835. 

Body short, not divided‘into thorax and abdomen, attached by 
a short peduncle to a creeping stolon. 

Test thin and transparent. B ranchial aperture G-lobcd, atrial 
5-lobed, rather distant. 

Branchial sac with connecting-ducts which may branch to 
form imperfect internal longitudinal bars. About 4 rows of 
stigmata present. 

Dorsal lamina more or less of a membrane bearing narrow 
languets. 

Alimentary canal placed on the left side of the branchial sac. 

This genus contains 3 or 4 speciesf, as follows:— 

( Ascidmooids on distinct pedicels which are jointed; some adhering 

I sand ou test... 1.K Jlutchlmoni, Maed, (Austr.) 

1 Ascidiozooids noton distinct pedicels, no jointing present, no adhering 

{ sand ...... X 

f Body colourless, 40 tentacles of 3 sizes, only papilliform connecting 

| dacts .... IK Linteri, Wiegm, (Atl,, ? M tic!.) 

1 *{ Body greenish, 20 tentacles of 2 sizes, papilliform ooimooting-ducU 
1 with rudimentary internal longitudinal bars. 

L IK viridin, Terr. (K N, Am.) 

[? = P. hanyutenm, Lah. (Mcd.).J 

Perophoropsis, Lahille. 

* Body nearly cylindrical, sessile. Branchial aperture 12-lobcd, 
atrial 6-lobed. 

* Journ. Acad. 2?. S. Philadel., April 1823, vol. iii. p. 5. 
t Gkrd has named a species from Eoscoff, P. fray Ills. It has not yet,, I 
believe, been sufficiently described. 
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Test thin, membranous, transparent. 

Branchial sac with no internal longitudinal bars and no con¬ 
necting-ducts. Numerous (15 or 16) rows of stigmata are 
present. 

Dorsal lamina represented by languets. 

Alimentary canal on the left side of tlie branchial sac. 

Gonads forming a network over tbe intestinal loop. 

This genus contains the single species Berophoi'opsis Herdmani , 
Lahille, from Banyuls (Med.). 

Podociayella, Herdman , 1890* 

Body extremely long and narrow, divided into thorax, abdomen, 
and a well-marked post-abdominal peduncle. 

Test moderately thick, cartilaginous. 

Branchial sac with no internal longitudinal bars, and no papilli¬ 
form connecting-ducts. 

Viscera extending behind the branchial sac to form a large 
abdomen. 

I have formed this new genus for the reception of Savigny’s 
Clavelina borealis , and a new species which will he described in 
the Catalogue of Tunicata of the Australian Museum which I am 
now preparing. 

Colour light bluish green, tentacles in 2 rows. P. borealis , Sav. (Arct.) 

Colour purplish, tentacles in 1 row. P. meridionalis, Herdm. (Austr.) 

Steueoclayella*, Herd-man , 1S90, 

Body elongated ; attached to a basal mass of solid test which is 
formed by the fusion or thickening of the stolons; divided into 
thorax and abdomen ; apertures circular, not lobed. 

Test thin anteriorly, may he thick and cartilaginous posteriorly 
where it joins and forms the stolonial mass. 

Branchial sac , &c., as in Olavelina . 

I have grouped together under this name those species of Clave- 
Una which have the stolons and the posterior ends of the bodies 
imbedded in a basal mass of test. It may be regarded, along with 
Bododavella , as being scarcely worthy of generic rank, and I am 

* Since this was put in type Garstang has published (May 1891) a description 
of a new genus, Pymwelavella , which seems very closely allied to Stcreoclavella, 
However, it may be a distinct form characterized by the presence of stolonial 
tubes (vessels) in the free test covering the oesophageal region of the body. It 
contains the species P. mrilucens , Garst., found at Plymouth. 
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quite willing that both should be placed merely as subgenera, of 
Gtavelina ; but I consider that it is convenient to separate oil' under 
a distinct name groups of species which resemble one another, 
but differ from the rest, in some marked characteristic. 

The species of Stcreoclavella are as follows ;— 

( Dorsal languets short. 8. oh Io n ff a, Ilerdm, (All.) 

\ Dorsal languets very large ... I 

f Horizontal membranes of the branchial sac wide. 

1 j S. enorm's, Ilerdm. (S, All.) 

( Horizontal membranes narrow.. 8. awstrcdk*, llerclm. (Austin) 


Olatklina, Saviyny , 1810. 

Body elongated, club-shaped, but with no peduncle beyond 
the abdomen; attached to a delicate, branched, creeping stolon 
from which buds are formed; divided into thorax and abdomen. 

Test thin, gelatinous, or cartilaginous, Apertures circular, not 
lobed. 

Mantle thin, muscles mainly longitudinal. 

Branchial sac without internal longitudinal bars. Stigmata 
straight, no papilliform connecting-duets. Horizontal membranes 
present. 

Dorsal lamina represented by languets. 

Alimentary canal extending behind the branchial sac to form 
a well-marked abdomen. 


This genus, in the restricted sense in which it is used here, 
contains only half a dozen species f, some of which, however, are 
imperfectly characterized. 

[Thorax and abdomen of much 11 io same size... 1 

\ Abdomen much longer than thorax ..... 13 

[ Only 2 rows of stigmata in branchial sac. 

11 < 0. pumlio t, M.-Edw. (N.W. blur.) 

[ At least 0 rows of stigmata....... U 

o f G to 8 rows of stigmata.. (J. mum §, Lab. (N.W. Eui\, Mail.) 

\ 12 to 1(> rows of stigmata ......... 4 

I With yellow or brown lines of pigment <m the thorax. [Mod.) 

0. lepadiformis §, 0, Jb\ M, (N. W. Em\, 
With white lines of pigment on thorax, 

C. ItLwmia , M.-Edw. (N.W, Eur.) 
f Only 3 or 4 rows of stigmata. C\ ymluvta, M»-Edw. fN.W. .Mur.) 

2 i About a dozen rows of stigmata. 

[ C. Saviyniam, M.-Edw. (N.W.Eur.) 


*■ This species will be described in the Catalogue of Tunicata of the Australian 
Museum. 

t Possibly 0. E. Muller’s Ascidia gdatina is a Clavelma, 

| Possibly the young of 0, lepadiformis or some other species. 

§ With several varieties. 
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Suborder II, ASCIDIM C0MP081TJE, Saviguy, 1816. 

This group contains fixed Aseidians which reproduce by gem¬ 
mation so as to form colonies in which the ascidiozooids are 
buried in a common investing mass, and have no separate tests. 

The Ascidiao Composite include seven families. It should be 
remembered that they are in all probability a polyphyletic group, 
having heea derived from several distinct groups of ancestral 
Simple Aseidians. They are thus a semi-artificial assemblage 
consisting of those fixed Aseidians which have retained or 
acquired the power of reproducing by gemmation, so as to form 
colonies, and in which the ascidiozooids have remained so inti¬ 
mately united that their tests form a common colonial mass. ; 


Family I. BOTEYLLXDiE, Giard, 1872. 


Colony usually thin and iucrusting, sometimes in the form of 
thick fleshy masses. 

Systems circular, elliptical, or forming branched lines. Common 
cloaca! openings distinct, usually lobed. 

Ascidiozooids short and not divided into regions. 

Test usually soft, traversed by numerous vessels with large 
terminal knobs. 

Branchial sac large and well developed, internal longitudinal 
bars present, stigmata numerous. 

Dorsal lamina in the form of a plain membrane. 

Tentacles simple, not more than 16 in number. 

Alimentary canal placed alongside the posterior part of the 
branchial sac. 

Gonads on both sides of the body. 

Gemmation lateral, from the bodies of the ascidiozooids ; and 
also stolonial, from the ectodermal processes or vessels in the test. 

This family includes five genera, which may be distinguished 
as follows:— 


f Colony stalked. Gonads unpaired, in intestinal loop. Symplegtna. 
1 Colony sessile. Gonads paired, placed laterally. 

1 \ Systems elongated or branched irregularly.... . 

9 f Colony thin, iucrusting........ Botryllus. 

* \ Colony thick and fleshy. Polycyclus. 

o f Colony thin, iucrusting . Botrylloides. 

0 \ Colony thick and fleshy . Sarcobotrylloid.es, 


1 

2 

3 
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Sympuboma, Ilerilman , 1886. 

Colony stalked, consisting of several ovate ascicliaria* connected 
by bran died peduncles. 

A&cidiozooids moderately large, not much elongated, and not 
divided into regions. 

Test firm, vessels numerous. 

Branchial sac large and well developed, provided with internal 
longitudinal bars. 

Dorsal lamina in the form of a plain membrane. 

Alimentary canal and gonads forming a mass projecting for a 
short distance only behind the branchial sac. 

This genus, which 1 placed in 1886 in the family Distomidm on 
account of the close resemblance of the colony to that of a Colella , 
I now agree with Lahille had better bo transferred to the Botryl- 
lida>. The Botryllid affinities, as I pointed out in the original 
description, are very marked, although Symplegma differs more 
from the other four genera of Botryllid© than these do from one 
another. 

There is only one known species, Symplegma viride, Hcrdm., 
from Bermuda. 

Boteylltts, Gartner <$* Dallas, 1774. 

Colony thin, incrusting. 

Systems circular or stellate. 

Ascidiozooids ovate, with their apertures placed far apart. 

Test soft and gelatinous, never much thickened. 

Branchial sac large, with 3 internal longitudinal bars on each 
side. 

Viscera alongside the branchial sac, at its posterior end. 

This genus contains a very large number of species which are 
very difficult to distinguish. In fact, species do not appear to 
be at all clearly differentiated; and, to add to the difficulty, many 
of the descriptions are very imperfect and only take account of 
external characters which cannot be applied to preserved spe¬ 
cimens. 

The following is a list of the species of Boiryllus. In the pre¬ 
sent state of our knowledge of these forms I feel that it is useless 
to attempt to distinguish them by brief characters hi tabular form. 
Borne of these species have several marked varieties, and most 
are very variable. 

*■ That part of the colony in -which the ascicliozooida are placed. 
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B, ScMosseri (Pallas), Sav. (N.W. Eur., Med.) Yellow with rust-red clots. 
B. Bam , Grube. (Mecl.) Colony very thin. 

B. scmnio, Della Valle. (Mecl.) Colony thick; violet-blue markings. 

B. aurolineatus , Giard. (N.W. Eur., Med.) Yellow lines, 8 tent., ase. 
2*2 mm. long. 

B. mono , Giard. (N.W. Eur., Med.) Nearly black, 

B. gemmern , Sav. (N.W. Eur., Med.) Violet and yellow. 

B . violaocus, II. M.-Edw. (N.W. Eur., Med.) Blue, with white lines. 

B. tenuis, Della Valle. (Med.) Tentacles 1-3, vessels blue. 

B. minutus , Sav. (N.W. Eur., Med.) Asc. 1 mm., 3-5 in syst. 

B. smaragdus, M.-Edw. (N.W. Eur.) Green. 

B. •'pminoms , Giard. (N.W. Eur.) Green. 

B. tapetum, Della Valle. (Med.) Grey, 3-S in syst., 3 tentacles. 

B. calendula , Giard. (N.W. Eur.) Yellow, ascidiozooids 1 mm. 

B. marionis, Giard. (N.W. Eur.) Ascidiozooids 2*5 mm., 8-10 in syst.; 

colour brown with white and carmine. 

B. rubigo, Giard. (N.W. Eur.) Brown, with red marks. 

B. rubcns, Aid, & Ilanc. (N.W. Eur.) Yellow and red, thin test. 

B. virescens , Aid. & Plane. (N.W. Eur.) Greenish. 

B. castaneus, Aid. & Hane. (N.W. Eur.) Purple-brown, test very thin. 
B, Gouldii , Verr. (E. N. Am.) 

B. bivittatus , M.-Edw. (N.W. Eur.) 

PoLYCYCLVS, Lamarck , 1816. 

Colony thick and deshy, convex on surface, often lobed. 
Systems circular or stellate in outline. 

Ascidiozooids ovate, with tlie apertures rather distant from one 
another. 

Test gelatinous, but solid and much thickened, vessels present. 
Branchial sac large and well developed. 

Tentacles from 2 to 16 in number. 

Alimentary canal placed alongside the posterior end o£ the 
branchial sac. 

Gonads placed on both sides of the body near the posterior end. 
Leaving out a few doubtful forms and older species with im¬ 
perfect descriptions and which cannot now be determined with 
any certainty, the genus contains live species. These may be 
distinguished as follows;— 

f Ascidiozooids at least 3 mm. long ....... 1 

1 Ascidiozooids not 3 mm. long........ „» 2 

, f With 2 tentacles, placed laterally . P. cyaneus , y. Dr. (Med.) 

A (With more than 2 tentacles ... 3 

3 \ Ascidiozooids about 3 min. long. Tentacles 8, 2 large lateral and 6 
[ small...... P, violaceus, v.Dr. (Med.) 
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f Tentacles 8,2 large lateral and G small. 

4 J 1\ Vaffii*,Z ah. (Med.) 

J Tentacles 6, 2 large lateral and 4 small. 

L P, Rented, Lamb. (Med.) 

9 f Tentacles 8, all one size. P, LmmrcH, Ilordm. (N.W. Eur.) 

1 Tentacles 16, 8 long and 8 short....... 5 

f Ascidiozooids yellowish, marked with brown. 

5 j P. Jeffreys, ITerdm. (TVTecl.) 

( Ascidiozooids of a bluish colour ... P. Savignyi , Herdm, (N.W. Eur.) 

Botrylloides, II. Milne-Edw ., 1842. 

Colony thin, incrusting and usually gelatinous. 

Systems elliptical or elongated, forming branched and some¬ 
times anastomosing lines. 

Ascidiozooids cylindrical, with the apertures placed near one 
another on the anterior end. 

Test soft and gelatinous, never much thickened, penetrated by 
many vessels. 

Branchial sac long and well developed. 

Alimentary canal placed alongside the branchial sac at its 
posterior end. 

Gonads placed on both sides of the body near the posterior end. 

In this case, as in JBotryllus, it is useless to attempt to distin¬ 
guish the species in brief tabular form in our present want of 
knowledge of the internal structure of so many of them ; conse¬ 
quently I give the following list of the known species ; some of 
them are in a very doubtful condition. 

B. Leaehii, Say. (N.W. Eur., Med.) Purple, with yellow and white 
marks. 

B. lutewm , v. Dr. (Adr.) Green-yellow; tentacles 8, 4 large; aseidio- 
zooids 8 mm, in length 

B. pnrpuremi, y. Dr. (Adr.) Tentacles 8, 4 large; ascidiozooids 8 mm. 

JB. Gascot , Della Valle. (Med.) Tentacles 4; ascidiozooidn 2 mm. 

B. Emery i. Della Valle. (Med.) Tentacles 8, 4 large. 

B. rubnm, II. M.-Edw. (N.W. Eur., Mcc’l.) Colour yellow to red ; 
4 tentacles. 

J3, rosaceus, Grube. (Med., Red 8.) Purple-red with white lines, 

B. morion ifmuis, Della Valle. (Med.) Yellow-green; tentacles 8, alter¬ 
nately larger; ascidiozooids 2 mm. 

. B. albicans, H, M.-Ed\v. (N.W. Eur., Mod.) Pure white, 

B. cHiatus, D. Ch. (Med.) 

B. iyreum , Herdm* (Mai.) 

B. ycrspicwim, Herdm. (Mai.) And var, rubieundim . 

, P» nigrum , Herdm., (Atl.) , 

# With several colour varieties noted by Lahille, 
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B. fulgurate, Ilerclm. (N. Atl.) 

I?. ratifom , II, M.-Edw. (N.W. Eur.) Yellow, with reel marks. 

B. prostratum, Giard. (N.W, Eur.) Ascidiozooids larger and flatter 
than in B. rotifer a* 

B. clavdina , Giard. (N.W. Eur.) Perfectly transparent. 

B. insigne , Giard. (N.W. Eur.) Park brown, marked with yellow and 
violet. 

B. sparse, Alder. (N.W. Eur.) 

B. pusilla, Alder. (N.W. Eur.) 

B . mcliaia, Aid. & Hanc. (N.W. Eur.) Yellow. 

B. ramidosa , Aid. & Hanc. (N.W. Eur.) Pellucid and cream-colour. 


Saecobotbylloides, von Drasche , 1883. 


Oolong thick and fleshy, often lobed. 

Systems elliptical or elongated, forming branched and some¬ 
times anastomosing lines. 

Ascidiozooids cylindrical, with the apertures placed near one 
another on the anterior end. 

Test gelatinous, rather solid and greatly thickened; many 
yessels present. 

Branchial sac large and well developed. 

Tentacles 8 to 1G in number. 

Alimentary canal placed alongside the posterior part of the 
"branchial sac. 

Gonads placed on both sides of the body near the posterior end. 


Six species of this genus are known to me, and may be distin¬ 
guished as follows:— 


f Tentacles 8....... 

\ Tentacles 16 .. 

\ Test transparent grey ......... 

{ Colour red-purple; ascidiozooids 3 rura. long, very close; 16 rows 

of stigmata ... & purgmreum, n. sp. (Austr.) 

Colour dull slate-grey; ascidiozooids 2 mm. long, not very close; 14 

rows of stigmata,..,. .... 8.pannomm, n. sp. (Austin) 

q f Stomach has eseeuta . 8. anceps , n. sp. (Austr.) 

w { No cascuin present......... 

f Tentacles 8 long and 8 short .. 8. Wyvillu, Herdm, (N. Atl.) 

4 \ Tentacles 4 long, 4 medium, and 4 short. 

[ * 8, jacJcsoniamm , n. sp, (Austr.) 


1 

3 

3 


4 


Family 11. DISTOMIDJB {Giard, 1872), Herdm,, 1885. 

Colony rounded and massive, rarely incrusting, either sessile 
or supported upon a long or short peduncle* 

Systems irregular, inconspicuous or absent. 











610 


MUXF. W. A. irERDMAN’S [REVISED 


Ascidiozooids of moderate length, and having the body divided 
into two regions, thorax and abdomen; they may be provided 
with long vascular ectodermal appendages. 

Test gelatinous or cartilaginous, often thickened at the base to 
form a peduncle, which may he traversed by large canals contain¬ 
ing the vascular appendages of the ascidiozooids. There are 
sometimes calcareous spicules, which, however, are not stellate. 

Branchial sac well developed; no internal longitudinal bars 
present. 

Dorsal lamina represented by a series of languets. 

Alimentary canal placed posteriorly to the branchial sac, so as 
to form an abdomen. 

Gonads and heart in the intestinal loop, or alongside it. Sper¬ 
matic vesicles numerous, vas deferens straight. 


The genera in this family may be separated as follows:— 

f Colony with a well-marked peduncle..... 1 

[ Colony sessile or only shortly pedunculated... 2 

2 f With an incubatory pouch in which embryos develop . Colella. 

| INo incubatory pouch present ....... 3 

r Ascidiozooids completely imbedded in a common test,. Oxycolynia. 

3 - Ascidiozooids not completely imbedded in a common test. 

Chondrcstacliys. 

9 f With an incubatory pouch and an atrial languet .. . Distaplia. 

M \ No incubatory pouch present .... 4 

f Ascidiozooids enclosed by capsules formed of discoid spicules. 

4 i Cystodytes. 

■ [No spicules present in test ... 5 

With an atrial siphon ..... Distoma, 

With a trifid atrial languet ... Heterotrema. 


Colella, Ilerdmctn , 1885* (MS., 1S80). 

Colony more or less club-shaped, composed of a peduncle 
attached at the base, and bearing on its summit a more or less 
ellipsoidal ascidiariura. 

Ascidiozooids imbedded in a common test; usually arranged in 
lines-but not divided into systems. JNk> common cloaca! cavities. 
Body composed of thorax and abdomen, and a long ectodermal 
vascular process from the posterior end of the latter. Aper¬ 
tures six-lobed, not prominent. 

* This genus was fully diagnosed, with Colella Thomsoni as the type species, 
in my thesis for the degree of Doctor of Science, sent in to the University of 
Edinburgh and accepted by the Science Degrees Committee in March 1880 ; and 
was published without material change in the second part of my * Challenger ’' 
Keport, printed off in 1885. , 
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Test gelatinous, penetrated by the ectodermal prolongations 
from the ascidiozooids. 

Branchial sac well developed; no internal longitudinal bars 
present. 

Dorsal lamina composed of languets. 

Alimentary canal posterior to the branchial sac. 

Gonads placed on the left side of the intestinal loop. Testes 
grape-like in arrangement. Embryos develop in an incubatory 
pouch which is a large diverticulum from the atrial cavity. 

The species of Colella may be distinguished as follows :— 


Peduncle branched . 1 

Peduncle unbranched . 2 

Lower eud of peduncle branched . 3 

Upper end of peduncle branched, 3 rows of stigmata, tentacles 5 large 

and 5 small . C. plicata, n. sp. (Austr.) 

Peduncle short and wide, tentacles 10, 8 rows of stigmata. 

C. cone ret a, Herdm. (A. Arct.) 

Peduncle long and narrow .. 4 

Tentacles 12, all of one size, 4 rows of stigmata. 

0. ramulosa, Herdm. (S. Pac.) 


Tentacles of two sizes. C. tennicauHs, n. sp. (Austr.) 

f Peduncle longer than body ... 5 

[ Peduncle not longer than body . 6 

f Colour red, tentacles 12. C, pulchra , Herdm. (Austr.) 

I Colour bluish, tentacles 8, many rows of stigmata. 

| 0. Thom sum, Herdm. (Mai.) 

[ Tentacles large, 16; 5 rows of stigmata. [A. Arct. 

\ C. peduneuMa, Q. & G\ (Austr., 

[ Tentacles small, 8 . C, Craimardi, Herdm. (S. Ath) 

f Colony wide at top ...... 8 

[ Colony narrow at top ...... 0 

f Colour grey ..... G. Murray?, Herdm. (S. Pac.) 

[ Colour with a reddish tinge . do., var .rtihida, Herdm. (Austr.) 

[ Body not longer than broad, tentacles 12, 4 rows of stigmata, 
j G. Quoyi , Herdm. (A. Arct.) 

[ Body longer than broad .... 10 

f Ascidiozooids less than 2 mm, long, tentacles numerous (16 large and 

I 16 small) and close .. G, elongafa , Herdm. (Austr.) 

| Ascidiozooids more than 5 mm, long, tentacles not numerous. 

[ C, clavijormis, n. sp. (Austr.) 


t, n. sp. (Austr.) 


Herdm. (Mai.) 


Oxicoexnia, von Drasche , 1882. 

Colony club-shaped, pedunculated. The peduncle traversed by 
the long vascular appendages of the ascidiozooids, from which 
buds are formed. 

Ascidiozooids completely imbedded in the common test; divided 
into thorax and abdomen, and ha via g long ectodermal appeu- 
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clages. Branchial and atrial apertures circular, the former some™ 
times 4-lobed, 

Test thin and transparent round the ascidiozooids, more solid 
and opaque in the peduncle. 

Branchial sac with numerous rows of stigmata. No internal 
longitudinal liars. 

Tentacles 8, 4 large and 4 small. 

Alimentary canal behind the branchial sac. Stomach smooth. 

Gonads in the intestinal loop. No incubatory pouch present. 

This genus contains the single species O'Vyeorynia fascicular is, 
vonDrasche, from the Caroline Islands. 

CHOKDBOSTAcmrs, Macdonald, 1858. 

Colony club-shaped, pedunculated. The peduncle traversed 
hy the long vascular appendages of the ascidiozooids, from which 
buds are formed. 

Ascidiozooids not imbedded in a common test, but freely pro¬ 
jecting from the surface of the colony, each covered by its own 
thin layer of test. Body divided into thorax and abdomen, and 
having a long ectodermal vascular appendage. Branchial aper¬ 
ture 4-lobed. 

Test thin and transparent over the ascidiozooids, thicker and 
more opaque in the common peduncle. 

Branchial sac with no internal longitudinal bars(?). 

Alimentary canal behind the branchial sac, forming an abdomen. 

Gonads alongside the intestine. No incubatory pouch present. 

This genus contains a single species, from Bass Strait, Aus¬ 
tralia, unnamed by Macdonald. 

Distaplia, Bella Valle , 188,1. 

Colony in the form oflobed masses or club-shaped knobs, 

Systems distinct, each one forming a knob or lobe of the 
colony. 

Ascidiozooids elongated antero-posteriorly, and placed verti¬ 
cally in the colony. Branchial aperture G-lobed. Atrial aper¬ 
ture provided with a languet. 

Test gelatinous, penetrated by ectodermal prolongations from 
the ascidiozooids. 

Branchial sac with 4 rows of long stigmata, crossed by 
Barrow intermediate transverse vessels. 
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Dorsal lamina represented by a series of short languets. 
Alimentary canal posterior to the branchial sac. Stomach 
ovate, smooth-walled. 

Gonads placed on the right side of the intestinal loop. The 
embryos develop in an incubatory pouch formed as a diverticulum 
from the atrial cavity. The larvae are of large size and are gem 
miparons. 

The four known species of Distaplia may be separated thus:— 

f Colony forming a thick incrusting mass. 

■j b. lubriea, y. Dr. (Med.) 

[ Colony formed of a number of distinct knobs or club-shaped masses... 1 
f Ascidiozooids and larvae very large; stomach-wall reticulated. 

1 j D t magmlarva , D. Valle. (Med.) 

[ Ascidiozooids and larvm of moderate size; stomach-wall smooth.. 2 

f Knobs of colony with short peduncles or none; colour rose-red. 

9 J D. rosea , D. Valle. (Med. & N.W. Eur.) 

- | Knobs with well-marked peduncles ; colour dark violet or purple. 

(_ D. Vallii , Herdm. (Med, & Alai.) 


Distoma, Gartner , 1774, Sav» f 1816. 

Colony massive, sessile or scarcely pedunculated. 

Systems absent or imperfect. 

Ascidiozooids divided into thorax and abdomen, not enclosed 
in calcareous capsules, and having both apertures 6-lobcd and 
opening directly on to the surface. Thorax and abdomen often 
united by a long narrow pedicle. 

Test gelatinons, with no spicules. 

Branchial sac with from 3 to 20 or more rows of stigmata. ISTo 
internal longitudinal bars. 

Dorsal lamina represented by languets. 

Alimentary canal posterior to the branchial sac. 

Gonads placed alongside the intestinal loop. No incubatory 
pouch present for the embryos. 

The species of Distoma may be separated thus:— 


f Wall of stomach smooth ........ I 

| Stomach-wall not smooth ... 2 


( Wall of stomach thickened to form a reticulation; 24 rows of stigmata. 

2>. adriatiaum , v. Dr. (Med.) 

Wall of stomach grooved longitudinally ; 12 rows of stigmata, [Eur.) 

i>. erMaUhmm * Ben. (Med., N.W. 


j f With only 3 rows of stigmata in branchial sac ... 3 

| With more than 3 rows of stigmata .... 4 


* J). minimi Bars, is either this species or closely related to it. 
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o f Colony of a rosinous-bi’own colour. I). mucosmn, v, Or. (Med.) 

[Colony blackish, not sandy . D. Ihmocrii *, 3D. Valle. (Med.) 

f Colony blackish, sanely on surface. 

4 \ J), CosUe, D. Valle. (Mod.) 

[ Colony red . D. variolas um'\\ Osertu. (N.W. E ur.) 


Heterotrema, Fiedler , 1889. 

Colony massive, branched, attached. 

Systems placed in irregularly polygonal areas marked out by 
grooves. 

Test gelatinous, with no spicules. 

Ascidiozooids with body separated into thorax and abdomen, 
and having ectodermal processes. Branchial aperture 6-lobcd ; 
atrial not lobed, but with a trifid atrial languet. 

Branchial sac well developed, without internal longitudinal 
bars, with 8-10 rows of stigmata. 

Dorsal lamina represented bylanguets. 

Alimentary canal placed behind the branchial sac. Stomach 
longitudinally,,folded. 

Spermatic vesicles numerous, placed in the posterior part of 
the abdomen. 

This genus, closely allied to Distoma , contains the single 
species Heterotrema Sarasinonm, Eiedl., from Ceylon. 

Cysto dttes, von Drasche, 1888 (subgen.), Her dm 1886. 

Colony of irregular form, attached and inmisting, sometimes 
lobed, and of moderate thickness. 

Ascidiozooids surrounded by capsules formed of calcareous 
discoid spicules. No ectodermal appendages present. 

Test cartilaginous, containing calcareous disc-shaped spicules 
which form a capsule round each aseidiozooid. 

Branchial sac small; about 4 rows of stigmata. 

Abdomen as large as thorax. Stomach smooth. 

The five known species of Cystodytes may be distinguished as 
follows;— 

f A seidiozooids arranged in distinct systems .... 1 

[ Ascidiozooids not distinctly arranged in systems.... 2 

* D* phmheum, T. Valle (Med.), seems to differ from this only in the size 
-and proportions of the ascidiozooids. 

t B. rubrimi, Say., is close to if not identical with this* 
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2 f Colour yellowish brown. C. durus, v. Dr. (Med.) 

1 Colour whitish and translucent. C. crctaceus, v. Dr. (Med.) 

f) f Colour violet . C, Della Chime, D, Valle. (Med.) 

w [ Colour brownish grey .... 3 

( Test not much vacuolated . C. DrascHi, Herdm. (S. AtL) 

3 -j Test very much vacuolated, darker than last. 

[ G. j)hilipyincnds, Herdm. (Mai.) 


Family III. POLYCLINTME, Giard, 1872. 

Colony usually massive; sometimes iucrusting, sometimes 
lobed or even pedunculated. 

Systems of various shapes, sometimes very irregular or absent. 
Common cloacal apertures usually inconspicuous. 

Ascidiozooids always elongated antero-posteriorly, and usually 
divided into three distinct regions. Branchial aperture 6- or 8- 
lobed ; atrial aperture often with atrial languet. 

Test gelatinous or cartilaginous, sometimes rendered stiff by 
imbedded sand-grains. 

Branchial sac usually small and not highly developed. Stig¬ 
mata usually small. There may be papilliform connecting-duets 
but never internal longitudinal bars. 

Dorsal lamina represented by a series of languets. 

Tentacles small and not numerous. 

Alimentary canal extending considerably beyond the branchial 
sac posteriorly. 

Gonads placed behind the intestinal loop in the postabdomen. 
Testis represented by a number of small spermatic sacs, attached 
to a large vas deferens. 

Gemmation from the postabdomen, which has the heart at its 
extremity. 

Tliis very large family* contains about twenty genera (or sub- 
genera), which may be distinguished briefly as follows :— 

| Branchial sac with wide meshes and no true stigmata. 

Pharyngodictyon. 

Branchial sac normal ...... 1 


* I cannot follow Lahille in breaking it up into the two families Polycli- 
nidas and Aplididm; nor can I employ, as he does, the twisting of the intestinal 
loop as a primary character in distinguishing the genera; intermediate con¬ 
ditions are found between the typical Polyclinid condition and that found in 
Amarouckm . 

LINN. JOUHN.—ZOOLOGY, VOL. XXIII. 44 
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("Branchial sac with papilliform connccting-duets in its interior, 

1 J TylobrancMon. 

[ Branchial sac not papillaled*..,..... 

0 f Stomach smooth-walled .... 

^ \ Stomach-wall thickened . 

(Horizontal membranes denticulated to form projections between the 


3 j stigmata ... Glossophorum. 

g f Intestinal loop simple, XJ-shapod ... Aplidiopsis. 

[ Intestinal loop twisted.... 

n, f Systems simple . Folyclinurn. 

[ Systems compound..... Aurantium. 

^ f Atrial aperture on the dorsal edge .... 

[ Atrial aperture on the anterior end . 

* f Sand-grains imbedded in and incrusting test ... Psammaplidium. 
[ Test not containing sand-grains ... Aplidinm, 


{Branchial aperture 6-lobecl 


q | Wall of stomach folded or grooved..... 

[Wall of stomach areolated or with grooves broken up. 

[Systems simple. Circmalium. 

[Systems compound ....... 

in [ Postabdomen slightly pedunculated .. Fragarium t. 

[ Postabdomen not at all pedunculated .... Fragaroides t. 

' Postabdomen separated from abdomen by constriction. 

12 Parascidia. 

Postabdomen not separated off by constriction ... Mordhelliaides. 

, r, f Wall of stomach folded or grooved ...... 

[ Wall of stomach areolated . 


3 

4 


5 

6 


8 


0 

10 

11 

12 

13 


14 

15 


i. [Wall of stomach folded transversely. Atopogaster, 

[ Wall of stomach folded longiturl inally .... 16 

-,r t f Postabdomen separated off by a constriction. Polyclinoides. 

, > [ Postabdomen not separated off by constriction.. 17 

f Atrial aperture 0-lobed ... Sigillina. 

1 * [ Atrial aperture with a languet . Amaroucium 

- f Postabdomen separated off by constriction. Sidnyum. 

'■ [ Postabdomen not separated off ........ 18 

-j o f Systems simple... Synoictira. 

[ Syst ems compound.... Morchellium. 


PhartngopT.CTTON, Herthnan, 1885. 

Colony club-shaped, or consisting of a “ head 5 ’ (or ascidiarium) 
placed on a short peduncle. 

Systems inconspicuous. 

# In Olossophorum the so-called papillae are due to a dentieulation of the 
horizontal membranes. 

t These two are very closely related. 

t The subgenus Morchdliopsis of Lahillo comes in here, but I do not see 
that it can be separated from Amaroucium . The specific name of the single 
species, e< Morchelliopsis Fleyherimus Lahille,” must, according to the laws of 
nomenclature, be puncium , Gfiard. 
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Ascidiozooids very long antero-posteriorly, and distinctly 
divided into regions. 

Test of a firm gelatinous consistence. 

Branchial sac formed of a simple mesh work of longitudinal 
and transverse vessels. ]STo true stigmata present. 

j Dorsal lamina represented by a series of languets. 

Gonads placed in a long postabdomen extending behind the 
intestinal loop. 

This genus was formed for the remarkable deep-sea species 
Bharyngodictyon mirabile , Herdm., trawled in the Southern Ocean 
at a depth of 1600 fathoms. 

TrLOBRANCHiON *, Herdman , 1885. 

Colony large, massive. 

Systems inconspicuous. 

Ascidiozooids large, elongated antero-posteriorly, and distinctly 
divided into regions. 

Test gelatinous. 

Branchial sac large and well developed. Transverse vessels 
provided with numerous large papilliform connecting-ducts which 
may bifurcate to form rudimentary internal longitudinal bars. 

Dorsal lamina represented by el series of languets. 

Alimentary canal \ arge. Stomach-wall folded longitudinally. 

Gonads forming a long postabdomen. 

This genus includes the single species Tylobranchion speciosum, 
Herdm., from Kerguelen Island. 

(xiossophoetjm: f, lahille , 1886. 

Colony sub globular or expanded and lobed, attached, sandy. 
Systems usually one in each colony, simple. 

Ascidiozooids divided into thorax, abdomen, and postabdomen 
separated by narrow pedicles. Branchial aperture 6-lobed, atrial 
with a lobed lauguet. 

Test covered with agglutinated sand-grains. 

Branchial sac with well-marked horizontal membranes, which 
are denticulated or crenated so as to have a number of small 

* This genus has affinities with Diasona and the Clavelmiclce, but is, I think, 
more closely allied to the Polyclinidaa. 

t This genus seems very similar to Pleurolopkium , Giard, 1874 (Assoc. Frai^., 
Lille). 
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papilliform 'projections nearly as numerous as the stigmata. 
About a dozen rows of stigmata. No internal longitudinal 
bars. 

Dorsal languets present. 

Alimentary canal with the intestinal loop twisted. Stomach 
smooth. 

There are two species of GlossogJwnm :— 

"Colony small, globular; 32 tentacles; atrial lauguet lobecl. 

G. saintlomm, (Hard. (N.W. Bur., Mod.) 

Colony large, flattened; 10 tentacles; atrial languei simple. 

(}. hum He, Lab. (Med.) 

The Amaroucium lilaterale of Glare! (N.W. Eut:\, 1874) pro- 
bably belongs to this genus, 

Aplidiopsis, LaMlle , 1890. 

Colony subglobular, attached, sessile. Systems irregular or 
indistinct. Branchial aperture G-lobed, atrial imperfectly lobod. 

Ascidiozooids divided into thorax, abdomen, and postabdomen. 

DrancJdal sac with numerous stigmata. 

Alimentary canal with no twisting of the intestine. Stomach 
smooth. 

Tostaldomen not separated off from abdomen by a constric¬ 
tion. 

The following species may be referred to this genus 

f Stigmata very small. A. invert us, Iierdm. (Mag.) 

[Stigmata well develop eel .... 1 

•j f Stomach globular.. A, vltreus, I/ah. (Med.) 

1 Stomach pyriform......... 2 

f> f Stomach placed vertically ......... A. minntus, iierdm. (South. 0.) 

* J [ Stomach placed horizontally ...... J,pgriformk, Iierdm, (South, O.) 

AuiuimuM, Giard, 1872, 

This genus, or subgenus, seems to differ from Fohjclimm 
merely in having the systems compound. It contains a single 
species, A. aurantium ( — Folyclimm aurantium)^ M.-Edw., which 
is possibly identical with Siduyum turlinalim of Wavigny. 

This group is probably scarcely of sufficient importance to 
warrant its separation, from Folyclimm . 

Poltclikxjm., Saviyny , 1816. 

Colony massive, usually sessile. 

Systems simple or compound, often irregular. 
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AmcHozooicls elongated, more or less distinctly divided into 
three regions. Branchial aperture 6-lohed; atrial aperture pro¬ 
vided with a languet. 

Test gelatinous or cartilaginous, sometimes incrusted with sand. 

Branchial sac large and well developed. 

Alimentary canal usually long and complicated, often twisted. 
Stomach, smooth-walled. 

Bosiabdomen separated from the abdomen by a constriction, 
often projecting from one side of the intestinal loop. 

Some of the older described species of Bolyclinim are so im¬ 
perfectly known that the following table cannot be regarded as 
quite satisfactory, but it may be of use in roughly distinguishing 
the species * :— 


/ Colony incrusted with sand .. 

{ Colony not sandy . 

1 Not very much sand in test, stigmata small. 

IK matte, Herdm. (S. Atl.) 

A good deal of sand in test, stigmata long and narrow. 

F.fungomm, Herdm. (Austr.) 

I* Postabdomen attached to ventral edge of abdomen. 

2 • P. dtpressum, Herdm. (Austr.) 

{ Postabdomen attached to posterior end of abdomen... 

«j f Colony of a greenish colour . 

\ Colour not green, generally grey or violet... 

a f Gelatinous, green . P. virile, D. Ch. (Med.) 

| Not gelatinous, olive-green. IK feus, Sav. (N.W. 2£ur., ? Med.) 

( Abdomen separated from thorax by a very long pedicle, as long as 

5* abdomen .... IK'uranium, l Sav. (Red S.) 

( Abdomen separated only by a short pedicle. 

g f Of a whitish or grey colour .... 

I Of a violet or purple tint....... 

„ f Colour whitish.... IK stcitatum, 13. Oh. (Med.) 

1 \ Colour grey... P. vesmdoswu, I). Ch. (Med.) 

g f Of a purple colour .... P. septomn, I). Ch. (Med.) 

\ Of a bluish or violet tint....... 

q f With about 18 rows of stigmata ... IK hespermm, Sav. (Red S.) 

* { With 14-16 rows of stigmata... 

[" Abdomen nearly as largo as thorax, stigmata small. 

10' IK macum, Sav. (Red S.) 

( Abdomen much smaller than thorax, stigmata large . 

... / With 14 rows of stigmata. IK constellatum, Sav. (Ind. O.) 

\ With 15-16 rows of stigmata ..... 

1 f Colour dark violet . IK safurmum , Sav. (Red Med.) 

\ Colour light violet . IK cythereum , Sav. (Red S.) 


1 

2 


3 

4 

5 


6 

7 

8 

9 

10 

11 


12 


* FolycUmtm diazoms, 13. Oh. (Med.), certainly does not belong to this genus— 
probably not to the family. P. fitscum , X). Ch. (Med.), has the branchial 
aperture 8-lobed, and therefore cannot be a Fohjclimm. 
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Psammaplidium, Ilerdman , 1880. 

Colony Incrusting, massive, or lobed. 

Systems inconspicuous. 

Ascidiozoouh usually small, not much elongated, and not dis¬ 
tinctly divided into regions. 

Test thick, and greatly strengthened by imbedded and in- 
crusting sand-grains and other foreign bodies, which form a 
great part of its bulk. 

Branchial sac small and not well developed. 

Bostaldomen usually short. 

The species referred to this genus may be separated as 
follows:—• 


r Colony broken up into narrow branched and anastomosing strands. 

- P. ret iforme, Herdm, (A. A ret.) 

Colony not retilbrm......... 1 

f Colony thin and incrusting.... 2 

| Colony massive...... 6 

f Colour dark brown .. P. effrenaiwn , Horclm. (8. AfcL) 

\ Colour stone-grey . P. inermims, n. sp. (Austr.) 

f External part of test forming a distinct layer ... 4 

\ External layer of test not modified ..... 5 

Colony formed of Ascidiarium on narrow peduncle. 

. P. pedunculatim, n. sp. (Austr.) 

Colony formed of irregular masBes not pedunculated. 6 

« f Colony not lobed. P. Jfavimi , Herdm. (S. Atl.) 

0 \ Colony lobed.. 7 

[ Central layer of test free from sand. 

... P. fragile , n. sp. (Austr.) 

Sand all througli test .... 8 

( Stigmata much wider than intcrstigimtic vessels. 

P. solidwm , n, sp. (Austr.) 

Stigmata same width as vessels or narrower. 

P. Ivhatum, n, sp. (Austr.) 

r J Colony ovate or pyriform .......... 1) 

0 \ Colony irregtdarly lobed ..........10 

{ Much imbedded sand; colony qui to stiff: ..,.... 11 

Hot much sand; colony firm, but not stiff. 

P, ooatmn, Ilordm. (Austr,) 

; ( Shape ovate, colour green-grey, muscles weak, stigmata, long, 

. J P. mbmridc, Herdm. (S. Atl.) 

1 Shape pyriform, colour yellow-grey, muscles strong, stigmata short. 

I P. pyriform?,% Herdm. (Austr.) 

f Short cylindrical lobes from common base,'stigmata very narrow, 
i P. exigu'im, Ilordm. (S, Atl.) 

[Lobes irregular, stigmata not very narrow .... 12 

f Stomach globular, smooth-walled ... P. spongiform, Herdm, (Austr.) 

12 \ Stomach quadrate, folded longitudinally. 

[V P. rude, Herdm. 


1 




10 


















CLASSIFICATION OF THEE TIJNIC AT A. 


621 


Polyclinoiles, von Drasche , 1883. 

Colony forming rounded transparent masses. 

Systems irregular. 

Test transparent. 

Ascidiozooids divided into thorax, abdomen, and postabdomen. 
Branchial aperture 6-lobed. Atrial aperture placed far back on 
the dorsal edge and not lobed; anterior to it is an atrial languet. 

Branchial sac with 8 rows of stigmata. ISTo internal longi¬ 
tudinal bars and no papillae. 

Alimentary canal not twisted. Stomach with numerous flat 
longitudinal folds. Anus provided with two large lobes. 

Gonads in a moderately long postabdomen, separated from the 
abdomen by a slight constriction. 

This contains the species Bolyclinoides diaphanwn , v. Drasche, 
from Mauritius. 


Aflidium, Samgny , 1816. 

Colony massive or lobed, not pedunculated. 

Systems compound and irregular. 

Ascidiozooids not much elongated. Branchial aperture 6-lobed; 
atrial lobed, or having a more or less rudimentary languet, and 
placed far back. 

Test gelatinous or cartilaginous, rarely sandy. 

Branchial sac fairly well developed, 

Alimentary canal of moderate size. Stomach-wall folded lon¬ 
gitudinally. 

Festal domen usually short. 

Those species of the genus which have been sufficiently cha¬ 
racterized can be distinguished thus:— 


f Atrial aperture distinctly lobed or with a languet . 1 

| Aerial aperture with no visible lobes or languet .. 2 

.. f Atrial apert ure 6-lobed . 3 

1 [ With an atrial languet . 4 

f Colony sandy; branchial sac not pigmented. 


* J A. asperum, v. Dr. (Med.) 

Colony not sandy; branchial sac pigmented. 

[ A. pelluddum , v. Dr. (Med.) 

. f Atrial languet bifurcated ... A. fitscim, Her elm. (A. Arct.) 

4 \ Atrial languet not bifurcated ...■.. 5 

* f 10 grooves on stomach. <:‘A. fallax, Johns. (N.W. Eur.) 

I 4 grooves on stomach....,*......... 6 

f Brown pigment-dots on dorsal edge of thorax, 

6 j A. tremdwm , Sav. (Bed S.) 

[ No such pigment-dots.... 


7 
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r Colony greyish; postabdomen short. A. lohatum , Sav. (Med,, Rod S.) 
7 \ Colony yellowish : postabdomen very long. 

( A , cal/culatum, Saw. (N.W. Em*.) 

f Both transverse and longitudinal muscle-bands very strong. 

2 i A. crassum, Jterdm. (S. All,) 

[ Musculature not powerful ... 

q f Stigmata very minufco and irregular ...... 

( Stigmata normal .... 

q f Colour dark grey . A. Acsprekm, Herdm. (N. All.) 

4 ( Colour dark smoke-brown . AJirnkjatum , Herdm. (A. A ret. 

[& Mai.) 

jp f Willi very slight grooves on stomach. AJcucnp ham m file rd m. (A. A ret.) 

( Grooves of stomach-wall well marked ..... 

H f Grooves few, 4 to G . 

\ Grooves numerous, 10 or more ....... 

10 f Colony sandy. A. aihhulosum *, Sav, (Med.) 

" t. Not sandy....... 

14 f With only G rows of stigmata. A. grimm, Lah. (Med.) 

\ With about a dozen rows of stigmata. A. cjfmtm, Sav. (Red S.) 
jo ( Colony somewhat sandy on surface... A. inerustans, Herdm. (S. Atl.) 
\ Colony not sandy ........ 


8 

i) 

10 


11 

12 

13 

14 


15 


f Branchial sae pigmented .... A, canikum, Lah. (N.W. Eur.) 

(Not pigmented .... A,zostericola, (Hard. (N.W.Eur.) 


Amaroxtcium, II Milne-Eilwards, 184*1. 

Colony massive, sometimes lobed or pedunculated. 

Systems usually compound and irregular. 

Ascidiozooids elongated. Branchial aperture 6-lobed; atrial 
usually provided with a long languet, placed close to the bran¬ 
chial aperture. 

Test cartilaginous or gelatinous. 

Branchial sac moderately developed. 

Alimentary canal of moderate size. Stomach-wall folded longi¬ 
tudinally. 

Postabdomen usually very long. 

The recognizable species of this large genus may be dis¬ 
tinguished thus;— 

I Systems simple, regular, and with few aseidiuzookls. [Ear.) 

j A . b'tmimumi> M.-lOlw. (N, W. 

[ Systems compound, irregular, and with many aseidiozomds . 1 

, f Stomach folded longitudinally .... . 2 

X Stomach simply rayed....... 3 

3 f Colony transparent, colourless. A. m/$ta/.Hmm,T),Vii}h, (Med.) 

(Colony opaque, coloured.*....... 4 

a f Colour white ... J. lactmn , v, l)r. (Med.) 

' (Colour orange-red...... A. miietm, Glivi. (Med.) 

* Possibly this species ought to be referred to Jmaroucmm . 
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2 f Atrial languet trilobed..... 5 

“ \ Atrial languet simple . 6 

( Transparent, with orange pigment on anterior encl of endostyle. 

5 - A. punctum*, Giard. (N. W. Eur,) 

[ White colour. A. albicans, M.-Edw. (N.W.Eur.) 

^ f Colony sandy.. 7 

^ f Few folds, 5, in stomach-wall . A. mbacutmn, v. Dr. (Med.) 

i [ Many folds, 10 or more .*. 9 

q f Of a dark-brown colour . A.fuscum , v. Dr. (Med.) 

\ Of a light colour . 10 

f Of a greyish-yellow tint, much sand . A. densum , Giard. (N.W. Eur.) 

{ Of a light-brown tint, little sand. A. commune , y. Dr. (Med.) 

o f Colony on a short peduncle.:.. 11 

[ Not pedunculated. 12 

1 -, f Colour black . A. nigrum, Herdm. (A. Arct.) 

{ Colour not black ..,. 13 

iq / Stigmata small, short, and inconspicuous. 14 

[ Stigmata moderately long . 15 

, 4 / Stomach spherical. A . globosum , ITerdiu. (A. Arct) 

\ Stomach cylindrical ... A. varlabile, Herdm. (A. Arct.) 

f Colony grey, with yellowish ascidiozooids. 

15 •! A. coldloides , Herdm. (S. Atl.) 

[ Whole colony of a reddish tint . 16 

f Of an orange-red . A> prolifenm, M.-Edw. (N.W. 

16 \ Med.) 

[ Of a pale rose-red. A. roscum, D. Valle. (Med.) ; 

, 9 f Colour white ... A. albiduon, Herdm. (Austr.) 

^ { Colour not white . 17 

f Ascidiozooids \-ery small, less than 5 mm. long....,... 18 

, \ Ascidiozooids not small, more than 5 mm. long ... 19 

,q (Stigmata well developed .. A. l&vigcittcm, Herdm. (Mag.) 

| Stigmata small ........ 20 

9 q f Colony pale liver-coloured, opaque... A. kepaticim, Herdm. (?) 

M \ Colony light grey, transparent . A. remmbens , Herdm, (Mag.) 

f Atrial languet long . A. irregular ?, Herdm, (Mag.) 

\ Atrial languet short and inconspicuous ..'... 21 

( Numerous stigmata in branchial sac, 18-20 rows. 

21 - A. torquatim, v. Dr. (Med.) 

[ Comparatively few stigmata, few rows . 22 

99 f Intestinal loop long and narrow. A.complmiatmn ,Herdm.(A,Arct.) 

\ Intestinal loop short. A. jpaUiduhmi , Herdm, (Mag.) 


Atopooastek, Herdman, 1885. 

Colony massive and usually of large size. 

Systems simple or inconspicuous. 

Ascidiozooids large or small, always much elongated antero- 
posteriorly. Branchial aperture 6-lobed. 

Test thick, and usually cartilaginous and tough; not incrusted 
with sand. 

* The Morchelliopsis JPleybmamis of Lahille. 
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Branchial sac usually well developed. 

Alimentary canal large. Stomach-wall folded transversely. 
Postabdomen long. 

The species of Atopogaster are as follows ~ 

f Ascidiozooids arranged in distinct circular systems. 

1 A. gigantca, XIordm. (Mag.) 

[, Systems inconspicuous . 1 

j f Aseidiozooicls largo, more than 1 cm. in length. 2 

{ Ascidiozooids small, less than 1 cm. in length . 3 

0 f Colour orange . A. auranfdaca, Ilerdm. (Austr.) 

** \ Colour light grey . A. inform Is, Ilerdm. (?) 

o f Colour yellowish grey . A. dovujata , Ilerdm. (Mag.) 

[ Colour paler, dull whitish grey . A. clomjata, -var. pallida. (fcS. Afcl.) 


Sigillxka, Savigny , 1816. 

Colony elongated, pedunculated, attached. 

Test gelatinous. 

Ascidiozooids very long, divided into thorax, abdomen, and 
postabdomen. Branchial and atrial apertures both 6-lobod. 

Branchial sac very short. No internal longitudinal bars. 

Alimentary canal forming an abdomen which is larger than 
the thorax. Stomach-wall folded longitudinally. 

Gonads in the very long slender abdomen, which is prolonged 
down through the colony and its peduncle. 

This contains the single species Sigillina australis , Savigny, 
from the S.E. coast of Australia. 


Sxkoicum (Phipps> 1771)) Sav. 1816, 

Colony sessile or pedunculated. Each system forming a sepa¬ 
rate club-shaped mass ; systems simple. 

Test semi-cartilaginous, not sandy, 

Ascidiozooids divided into thorax, abdomen, and postabdomen. 
Branchial aperture O-Iobed, and atrial. C-lobcd but irregular, the 
three anterior lobes being large. 

Branchial sac long. No internal longitudinal bars and no 
papilla). Many rows of stigmata. 

Alimentary canal forming an abdomen as large as thorax; 

• intestine not twisted. Stomach-wall areolated. 

Gonads in a postabdomen of moderate length, not separated 
from abdomen by constriction. 

This contains the species Synoicum turgens , Phipps, from Spits¬ 
bergen. 
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Sidhyttm, Savigny , 1816. 

Colony massive, or formed of a number of lobes, one corre¬ 
sponding to each system. 

Systems compound. 

Ascidiozooids elongated and distinctly divided into regions. 
Branchial aperture 6-lobed ; atrial aperture not provided with a 
languet. 

Test gelatinous. 

Branchial sac well developed. 

Alimentary canal forming a narrow loop. Stomach-wall areo- 
lated or irregularly thickened. 

Bostaldomen long, and separated from the abdomen by a con¬ 
striction. 

This contains two species :— 

( Colony a globular mass, with broad rounded upper surface. 

& pallidum, Herdm. (A. Arct.) 
Colony lobed, each system forming a truncated cone. 

S. turbinatum, Sav. (N.W, Eur.) 


Mobciiellium, Giard , 1872. 

Colony massive, sessile, or pedunculated. 

Systems compound, irregular, and usually inconspicuous. 
Ascidiozooids elongated, but not distinctly divided into regions. 
Branchial aperture 6-lobed. 

Test gelatinous or cartilaginous. 

Branchial sac large and well developed. 

Alimentary canal usually large. "Wall of stomach areolated 
or irregularly thickened. 

Bostabdomen large, but not distinctly separated from the 
abdomen. 

This contains two species :— 

f Colony pedunculated . M, an/us, M.-TSdw. (N.W. Eur*) 

[Colony sessile ... JSL Giardi , Herdm, (A, Arct.) 

Mobchellioides *, Herdman, 1885, 

Colony massive, sessile. 

Systems compound, inconspicuous. 

Ascidiozooids elongated, but not distinctly divided into regions* 
Branchial aperture 8-lobed; atrial aperture anterior. 

* This section is very closely related to the next, Farascidia , 
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Test gelatinous, not sandy. 

Branchial sac large and well developed. 

Alimentary canal large. Wall of stomach areolatcd or irre¬ 
gularly thickened. 

Post abdomen large, but not distinctly separated from the 
abdomen by any constriction. 

Morchellioides contains two species, which may be distinguished 
as follows:— 

{ With muscle-fibres in the transverse vessels; branchial lobes rounded. 

M . off in is, Herd in. (A. A ret.) 

No muscle-fibres in vessels; branchial lobes pointed. 

M. Alderl , Ilcrdm. (N.W. Eur.) 


Paeascidia. *, Milne-Bdwards , 1842. 


Colony massive, attached. 

Test gelatinous. 

Ascidiozooids having thorax, abdomen, and postabdomen. 
Branchial aperture S-lobed. 

Branchial sac with no internal longitudinal bars and no papilla). 
Alimentary canal with stomach areolated or pseudo-areolated 
Postabdomen separated from abdomen by a constriction* 

This group has had the following 4 species referred to it 


f Colony fan-shaped, pedunculated, lobod, orange. 

\ ' P. flahelluta, Akl. (N.W. Eur.) 

[ Colony globular or forming a flattish expansion . 1 

.. f Colony small, globular, pale yellow... P.jlavwm, M.-Edw.(N.W.Eur.) 

1 \ Colony large, flat-topped or lobulated .. 2 

0 f Amber-coloured.. It Forhm, Aid.J (N.W. Eur.) 

" [ Pale red . P. Plm'mgi , Ald.f (N.W.Eur.) 


Pit AO Atti um , Giard, 1872. 

Colony massive, attached. 

Systems compound; largo common cloacal aperture with 
denticulated margin. 

Ascidiozooids having thorax, abdomen, and' postabdomen. 
Branchial aperture 8- (may bo 0-12-) lobed; atrial anterior. 

* Lahille states that this genus was intended by Milne-Edwards to include 
forms with the stomach-wall longitudinally folded, and that therefore it is 
synonymous with the genus Fragarhm of Giard. I believe it will cause less 
confusion to leave the definitions of these groups as they now are. 

t The thickenings being in the form of longitudinal folds broken up into 
little knob-like or ellipsoidal projections. 

} These may possibly bo one species. 
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Branchial sac with no iuternal longitudinal bars. 

Tentacles simple, 12, of two sizes placed alternately. 

Alimentary canal not twisted. Stomach-wall longitudinally 
folded. 

Bostahdomen long, separated off from abdomen by a slight 
constriction. 

There are two species of Fragarium :— 

[ Colour rose-red, branchial siphon white . F. elegant, Giarcl. (N.W. Eur.) 

| Colour yellow-red, branchial siphon colourless. F. areolatum, D. Ch. (Med.) 

Eeagaroides Maurice , 1888. 

Colony rounded, massive, of cartilaginous consistency, having 
numerous compound systems. External cloacal apertures few. 

Ascidiozooids with 8 branchial lobes. Atrial aperture not 
lobed, but with a moderately large atrial languet. Thorax larger 
than abdomen. Postabdomen very long, not pedunculated. 

Branchial sac large, with about a dozen rows of stigmata. 

Dorsal languets wide. 

Tentacles 11, 6 large and 6 small alternately, and 2 additional, 
very small, placed one at each side of the base of the large meclio- 
dorsal tentacle. 

Stomach with longitudinal folds. 

Bostahdomen not separated from abdomen by any constriction. 

This contains the single species Fragaroides aurantiacim, 
Maurice, from Yille£ranche-sur>Mer (Med.). 

CmciNALitiM, G-iard, 1872. 

Colony polymorphic, sessile. 

Systems absent or simple. 

Ascidiozooids with thorax, abdomen, and postabdomen. Bran¬ 
chial aperture 8-lobed, atrial anterior. 

Branchial sac moderately large, no internal longitudinal bars. 

Stomach-wall folded. 

Bostahdomen very long. 

This contains the species CircinaUum concrescens f, Giard, 

* This subgemis is moat closely related to Frag arum, and probably ought to 
be united with it. 

t According to Lahille, this is the Bidnyum twrbinatum of Savigny and 
of Forbes. 
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from tlie north coast of France and the Mediterranean, which 
has several varieties, differing from one another in the degree of 
concrescence between the aseidiozooids and systems and lobes of 
the colony. 

Tin recognizable Bolyelinidcc . 

Amarouemm c/lahmm , Verr. (E. N. Am.) 

A. 'pallidum , Verr. (K. N. Am.) 

A. pellucid,im , Verr. (E. N. Am.) 

A, s/el latum, Verr. (E. N. Am.) 

A. comicllafum, Verr. (E.N. Am.) 

A. pomtm (?). (N.W. Ear.) 

A . papillosum , Aid. (N.W. Ear.) 

A, dmtilam , G iard. (N.W. Eur.) 

Aplidmn nutans, Johns!, (N.W, Eur.) 

Macroclimmi crater , Verr. (E, N. Am.) 

Pdydimm sucdneum, Aid. (N.W. Eur.) 

P. cerdmfome, Aid. (N.W. Eur.) 

Family IV. DIDEMNIDiE, GW, 1872. 

Colony usually flat, thin, and in crusting, rarely thick and 
massive, never pedunculated. 

Systems complicated and irregular, inconspicuous or absent. 
Common cloaca! apertures usually conspicuous. 

Ascidiozooids rather small, divided into two regions—thorax 
and abdomen. Branchial aperture 6-lobed ; atrial plain or pro¬ 
vided with an atrial languet. 

Test gelatinous or cartilaginous, usually coni aiming stellate 
calcareous spicules. Ectodermal processes well developed, and 
provided with muscle-fibres so as to form retractor muscles. 

Branchial sac small and not well developed. Hows of stigmata 
few, usually three or four (rarely six). 

Alimentary canal united to thorax by a narrow neck. Stomach 
usually smooth-walled. 

Gonads placed alongside tho intestinal loop. Ovary very 
simple; ova large. Male system consisting of a single large 
testis, around which the first part of the vas deferens is coiled 
spirally. 

Gemmation from the pyloric region; thorax and abdomen of 
the new ascidiozooid formed from separate buds. Embryonic 
blastogenesis rudimentary only. 
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The genera * in this family (which 1 use in the restricted sense, 
as not including Diplosomidas and Coelocormidse) may be dis¬ 
tinguished as follows:— 


f Colony thick and fleshy 
[ Colony thin, incrusting 
1 f Three rows of stigmata 
\ Four rows of stigmata 
,-y f Four rows of stigmata 
* \ Six rows of stigmata .. 


.. Didemnum. 
Didemnoides. 
Leptoclinum. 
.... Euccelium. 


1 

2 


Didemnum f, Savigny, 1816. 

Colony usually thick and fleshy, rarely thin and incrusting. 
Ascidiozooids with the atrial aperture on the dorsal edge of the 
thorax, often placed far back. Atrial siphon lobed or simple. 
ISTo atrial languet present. Branchial aperture 6-lobed. 

Test gelatinous or cartilaginous, usually not very hard or stiff. 
Stellate calcareous spicules are usually present. 

Branchial sac with three rows of stigmata. 

Tentacles eight in number. 

The species may be distinguished as follows :— 


f Test containing spicules . 1 

\ Test with no spicules .. 2 

f Surface deeply cut up by corrugated sulci. 

2 j I), tortuosum, v. Dr. (Med.) 

[ Surface not cut up..... 3 

o f Colour yellow, with dark-brown spots. D. inarmaHm , y. Dr. (Med.) 

[ Colour dull grey ... I). in&rme, Herdm. (jN. Ail.) 

f Branchial sac prolonged beyond third row of stigmata. 

1 -! D. graphieum, Lah. (Med.) 

[ Branchial sac not prolonged ....... 4 

( Colony white, vas deferens takes 8 turns. 

4 j ^ D. niveum, Giard. (N.W. Eur.) 

[ Colony not white .... 5 

k f Colour yellow to brown .. 6 

\ Colour blue or greenish or dark grey.... 7 

a f Colour rich dark brown . D. Savignii, Herdm. (? S. Atl.) 

\ Colour yellow and orange. 8 

( Colour bright yellow, vas deferens takes 12 turns. [Mecl) 


8 j D. cereim J, Guard. (N/W. Eur., 

[ Colour orange ... D. anrantiaam , Herdm. (Austr.) 


* Limdimmi, Verrill, containing two species (A. aureum and A. tenenm) 
from the east coast of N. America, is not sufficiently described, If will pro¬ 
bably come under Leptoclinum . 

f Including Trididemnum of Della Valle. 

i According to Lahille, I). sargassicola , Giard (with several varieties), is a 
variety of this species. 
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f Colour grey-green, with transparent surface-layer. 

7 \ D. bicolor , v. Dr. (Med.) 

I Colo ur not green ...... 9 

« f Colour .steel-blue ?... J). lobatnm , Grube. (Med.) 

{ Colour dark grey to black . D. fidiax , Lahillo. (Med.) 

The following species cannot be placed 
Trididcmnum benda, Della Valle. (Med.) 

Didemmm Grubei , v. Dr. (Med.) 

D. mriolosum, Orube. (Med.) 

D. rosetcm (?), Delle Oh. (Med.) 

Didemnoides, von Dmschc , 1888. 

, Colony thick and fleshy. 

Test containing stellate calcareous spicules. 

Branchial sac with 4 rows of stigmata. 

This genus, or subgenus, contains the following species :— 

( Colour wine-red; spicules numerous...... 1). macroopkorum *, v. Dr. (Med., 

[N.W.Eur.) 

Colour resinous yellow-brown ; spicules few. 

J). rcsinaceum, v. Dr. (Mod.) 

Leptoclinum f, Milne-Bdwards , 1841. 

Colony forming a hard, thin, incrusting layer, rarely thick and 
massive. 

Ascidiozooids with the atrial aperture on or near the anterior 
end of the body, and provided with a long atrial languet. 

Test very hard and Arm, densely crowded with calcareous 
spicules. 

Branchial sac usually with four rows of stigmata, 

This genus contains a very large number of so-called species, 
of which, however,many may be merely synonyms or varieties, or 
merely local and seasonal conditions. The descriptions of the 
majority of these are so imperfect, that it is impossible to do 
more than give a list, with an indication of any noteworthy 
character and of the geographical distribution. 

Leptodinum fitlyidum, M.-Edw. (N.W. Eur., Med.) 

L. eoecineum, v. Dr. (Med.) 

L. commune, D. Valle. (Med.) 

L. cinnabar mum, Grube. (Med.) 


* Didemmm rubdlum, Grube, may be this species, 
f Including Tetradidemnum of Della Valle. 
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Leptoclimm catididum, Say. (Bed S., Med.) 

Z. Lacadi , Giard. (N.W. Eur.) [Vas deferens lias only 2 or 3 turns.] 
L t maculatim, M.-Eclw. (N.W. Eur., Med.) [Vas def. lias 12 turns.] ‘ 
L. marginatum , v. Dr. (Med.) 

L, coriaceum, v. Dr. (Med.) 

L. gclatinosum, M.-Edw. (N.W. Eur., Med.) 

L. gramlosuni , v. Dr. (Med.) 

L. asperum, M.-Edw. (N.W. Eur., Med.) 

L. dcniatim, D. Yalle. (Med.) 

L. cxaratum, Grube. (Med.) 

L. tridcntatwn, v. Dr. (Med.) 

L. durum, M.-Edw. (N.W. Eur., Med.) 

L. perspieuum, Giard. (N.W. Eur.) 

L. perforatum , Giard. (N.W. Eur.) 

L, tonga, Herdm, (S. Pac.) 

L, Moseleyi , Herdm. (Mai.) 

L. speciosum, Herdm. (S. Atl.) 

L, annedcns , Herdm. (S. Atl.) 

X, tenue, Herdm. (S. Pac., N. Atl.) 

L, propinquim, Herdm. (Mag.) 

L. negieotum , Herdm. (?) 

L. alhidum, Verr. (E. N. Am., Atl.) 

L, lutecium, Verr. (E.N. Am.) 

X. suhflavum, Herdm. (A. Arct.) 

X. Jeffrey si, Herdm. (A. Atl.) 

X. Carpenteri, Herdm. (?N. Atl.) 

X. Tkommii, Herdm. (? N. Atl.) 

X. Edwardsi, Herdm. (S. Atl.) 

X. japonieum , Herdm. (Jap.) 

X. Jacl'soni, Herdm. (Austr.) 

X. rubicundum , Herdm. (A. Arct.) [Colour yellow to rust-brown.] 
Tetradidemmm gigas, D. Valle. (Med.) 

Eucaflium parasitiam , Giard. (N.W. Eur.) 


Eucoglium, Savir/ny, 1816. 

Colony thin, inerusting; common cioacal apertures visible, 
slit-like. 

Test filled with markedly stellate calcareous spicules. 

Mantle tliin and transparent. 

Ascidiozooids with the branchial aperture circular or imper¬ 
fectly lobeci; atrial small, indistinct. 

JdrancMal sac with 6 rows of stigmata. 

Alimentary canal with a small swelling on the intestine behind 
the stomach. 

The only species that with certainty belongs to this genus is 

LINN. JOURN.—ZOOLOGY, TOL. XXIII. 45 
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Hucatliwm hospitiolum, Sav., from the Bod Sea and tho Mediter¬ 
ranean j but the following have boon placed under Ihucuclit^tii • ■ 
E, mount , Grube. (Med,) 

E, parasitictm, Giard. (N.W.Eur.) [A Lt'pfooliuim.] 

E. croceum, Basso. (Med.) 

E. jlimidim , Bisso. (Med.) 

E. sithyelatitiosum, I). Oh. (Med.) 

E. roseum, 3). Oh. (Med.) 


Family V. DIPLOSOMIDiE, Giard, 1871. 

Colony forming a thin incrusting layer, rarely thickened, never 
pedunculated. 

Systems irregular, usually inconspicuous* Common cloacal 
apertures usually visible. 

Ascidiozooids divided into two distinct regions, thorax and 
abdomen. 

Test soft and gelatinous, usually transparent, sometimes pig¬ 
mented, rarely containing calcareous spicules. Vascular ecto¬ 
dermal appendages provided with muscle fibres penetrating the 
test. 

Branchial sac large, with four rows of stigmata. 

Dorsal lamina represented by large languets. 

Alimentary canal extending behind the branchial sac. Stomach 
smooth-walled. 

Gonads behind the intestinal loop or omits right side. Testis 
forming more than one mass. Vas deferens not coiled spirally. 

Gemmation pyloric. Larva gemmiparous. 

There are two distinct genera:— 

(With calcareous spicules in tho test... Diplosomoides. 

{ With no spicules in the test ....... Diplosoma. 

Bm0S0M0iD.ES * Her dm an, 1886. 

Colony usually thin and incrusting, sometimes only slightly 
attached. 

Test gelatinous, sometimes firm externally, more or less opaque 
and of a whitish colour. Calcareous stellate spicules present in 
the superficial layer. Otherwise as Diplosoma, 

* Lahille has recently used this genus in a new and totally distinct sense, 
and therefore the species he refers to Dlyhsomolcks are not related to jny 
specien, 
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There are two species known to me :— 

f With a group of spicules on each side of thorax. [(Med.) 

j I), pseidoUptoelinmi, v. Dr. 

{ With no such thoracic groups of spicules. D. molle, Herdoi. (Mai.) 

Diplosoma Macdonald , 1858. 

Colony usually thin and incrusting, rarely thick. 

Systems irregular. Common cloacal apertures rounded. 
Ascidiozooids divided into thorax and abdomen. Branchial 
aperture usually 6-lobed, atrial a simple aperture. 

Test soft, gelatinous, usually transparent, sometimes pigmented, 
never with calcareous spicules. Containing muscular processes 
from the ascidiozooids. 

Branchial sac large, with four rows of stigmata. 

Alimentary canal moderately large. Stomach ellipsoidal and 
smooth-walled. 

Gonads close to the intestinal loop. Yas deferens straight. 
Gemmation pyloric. Larva gemmiparous. 

The following species (?) can he distinguished in the genus 
Diplosoma 

f Branchial aperture 6-lobed. 1 

\ Branchial aperture circular, lobes absent or small . 2 

| Test pigmented . JO. spang?for me, Giard. (N.W. 

2] [Eur. & Med.) 

I Test not pigmented... I). Macdonaldi , Herdm. (8. Ail.) 


1 f Colony thin, incrusting........... 3 

\ Colony thick, fleshy... 4 


(' Larva forms 2 ascidiozooids. D. liaymri, Macdon, (Auslr.) 

3 - Larva forms 3 ascidiozooids. JO. mist Album, Giard. (N.W. 

[ [Eur. & Med.) 

. f Colour grey or dark green . I), chaincelmn , v. Dr. (Med.) 

{ Colour yellow-brown.. JO, canmtm , v. Dr, (Med.) 

The following names have also been used for forms coming 
under this genus, but are either synonyms of some of the above 
or are so imperfectly known that they cannot he placed:— 

O. gelatinosim , M.-Edw. (N.W. Eur.) 

I) , Listericimtffl, Della Valle. (Med.) 

JO. Koehierkumm , Lahillc. (N.W. Eur.) 

JO . punetatum, Porb. (N.W. Eur.) 

D. zostemnm, Jourdain. (N.W. Eur.) 

J) , gyrosim , Grube. (Med.) 

I). Listen, Lakille. (N.W. Eur.) 


* Including Astellium , Giard; BrcmteUium , Jourdain; BseuJodidcmmm, 
Glare!. 


45* 
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Family VI. CfliLO GOEMIDili, llenlmmi , 1880. 

Colony massive, deeply concave on the upper surface, not 
attached. 

Ascidiozooids large, scattered all over the surface. ’.Branchial 
apertures 5-lobed. 

Test .soft and gelatinous. Test-cells numerous. Calcareous 
spicules present in the outer Layer of the colony. 

Branchial sac large and well developed. 

Dorsal lamina represented by a series of langucts. 

Alimentary canal extending beyond the branchial sac pos¬ 
teriorly, but not forming a distinct abdomen. Stomach smooth- 
walled. 

Gonads hermaphrodite in the adult aseidiozooid. Testis com¬ 
posed of a slumber of pyriform vesicles, which join a spirally 
coiled vas deferens. 

This family contains the single genus Ccelocormm . 

Cceloooemtjs, Serdman , 1886. 

Colony massive, but not attached ; deeply concave on the upper 
surface, so as to contain a large central cavity. 

Ascidiozooids large, not distinctly divided into regions; 
branchial aperture 5-lobed. 

Test soft and gelatinous. Test-cells numerous and large. No 
bladder-cells. Calcareous spicules present in the superficial 
layer. 

Branchial sac large. Stigmata very long and narrow. 

Dorsal lamina represented by a series of long triangular 
languets. 

Tentacles well developed. 

Alimentary canal extending beyond the branchial sac pos¬ 
teriorly, but not forming a distinct abdomen. Stomach smooth- 
walled. 

Gonads not large. Ovary only present in the adult aseidiozooid. 
Testis formed of a number of spermatic vesicles. Vas deferens 
spirally coiled. 

One species, Coelocormus Huxleyi , Her dm., from the S. Atlantic 
at a depth of 600 fathoms. 
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Family VII. POLYSTYELI DM, Serdman , 1886. 

Colony massive or incrusting. sessile, rarely pedunculated, or 
formed of small masses connected by stolons. Ho common 
eloacal cavities present. 

Ascidiozooids large and usually sliort-bodied, rarely with a 
distinct abdomen. Both apertures 4-lobed, and opening directly 
to the exterior. 

Test firm and cartilaginous. Matrix generally fibrillated, test- 
cells small and inconspicuous, bladder-cells rarely or never 
present. Vessels abundant, branched, and provided with dis¬ 
tinct terminal bulbs. 

Branchial sac large and well developed. Folds sometimes 
present. Internal longitudinal bars strong and fairly numerous. 

Dorsal lamina in the form of a plain membrane. 

Tentacles numerous, simple. 

Alimentary canal usually placed alongside the branchial sac, 
rarely extending beyond it posteriorly. 

Gonads in the form of polycarps attached to, or imbedded in, 
the mantle, and projecting into the peribronchial cavity. 

Gemmation effected by means of the vascular prolongations 
from the ascidiozooids into the common test (P). < 

The genera which have been referred to this family may be 
distinguished as follows :— 


f Ascidiozooids projecting above surface of colony. 1 

\ Ascidiozooids completely embedded in common test .. 2 

1 f Abdomen as long as the thorax .. ThyXacium. 

1 [No abdomen present ... Polystyela. 

0 f Colony formed of small masses united by stolons. CXxoxizocormus. 

" \ Colony not broken up into masses and stolons ..... 3 

... { Colony thick and massive... 4 

" \ Colony thin and incrusting... Synstyela. 

. f Test incrusted with sand .... Oculinaria *, 

4 \ Test not (or very slightly) incrusted with sand. Goodsiria. 


Thilacium, Carus, 1850. 

Colony formed of individuals projecting from a common fleshy 
base. 

* This genus is only imperfectly known. Tbc description is insufficient. 
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Ascidiozooid having ilic body divided into thorax and abdomen. 
Branchial and atrial apertures 4-lobed. 

Two species have been briefly described, but I am unable at 
present to find any character which will separate them:—■ T, 8yb 
'mini, Gams (N/Wh blur.) • I. Nor mini, Alder (Is. W. Ear.). 


P olyst vela % Giard, 1874 

Colony consisting of a basal part from which the ascidioKOoids 
project. 

Ascidiozooids not divided into thorax and abdomen (?). 

Only one species is known, Poly sly eta Lemirri, Giard, from the 
coast of Prance. 


CiiomzooottMtrs, Ilerdman , 18S6. 

- Colony consisting of a number of distinct masses of small size 
united by irregular branched stolons. 

Ascidiozooids placed either singly or in small groups in the 
test. ’When more than one are present, they do not project 
above the general level. The body is not divided into thorax 
and abdomen. 

Test relatively small in amount, slightly incrusted with sand. 
Test-cells few, and bladder-cells absent. Vessels present in the 
test and stolons. 

Branchial sac well developed. Rudimentary folds present. 
Internal longitudinal bars strong. 

Dorsal lamina in the form of a plain narrow membrane. 

Tentacles well developed. 

Alimentary canal not prolonged behind the branchial sac. 

Gonads in the form of poly carps. 

Only one species, CJtonzocormus reticula tm , iferdm,, has boon 
described, but I have examined three other new species from 
Australia, so I include them in the following table;— 


f With rudimentary folds in the branchial mo, 
j C. retie ulatm, Ilerdm, (A. Arc!;,) 

[ With no rudimentary folds .. 

I f With more than 20 atrial tentacles. C. Hydaeyenm, n. Bp* (Austr,) 

[ Atrial tentacles not more than 20 ........ . 

( With 7 rows of stigmata, and 16 branchial tentacles. 

Cl leucophm.% n. ap, (Austr.) 
With 10 rows of stigmata, and 10 branchial tentacles. 

0, mbfimus, n. sp. (Austr.) 


1 . 

o 


* Possibly not distinct from Thylacum . 
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.Synstyela, Giard, 1874 

Colony thin and incrusting. 

Ascidiozooids large and closely placed, completely imbedded in 
the common test. Body not divided into thorax and abdomen. 

Test relatively small in amount. Matrix sometimes fibrillated; 
test-cells small; bladder-cells absent; vessels present. 

Branchial sac well developed. [Rudimentary folds present. 
Internal longitudinal bars well marked. 

Dorsal lamina in the form of a plain membrane* 

Tentacles well developed. 

Alimentary canal not prolonged behind the branchial sac. 
Stomach folded longitudinally. 

Gonads in the form of polycarps attached to the mantle. 

Two species of Synstyela are known :— 

f Flesh-colour, marked with red. S. mriegata *, Aid. (N.W. Eur.) 

-j Light grey, with bluish and pink tints. [Mai.) 

[ S. incrustans, Her dm. (Mag. & 


Ggodsima, Cunningham , 1871. 

Colony massive, sessile or pedunculated, not incrusted with 
sand. 

Ascidiozooids large and ovate in shape, completely imbedded 
in the common test; not divided into thorax and abdomen. 
Apertures 4-lobed, both on the anterior end. 

Test solid, cartilaginous, not sandy. Matrix delicately fibril¬ 
lated. Vessels present. 

Branchial sac well developed; folds present, rudimentary, or 
absent; internal longitudinal bars always present. 

Dorsal lamina in the form of a plain membrane. 

Alimentary canal not prolonged behind the branchial sac. 
Stomach folded longitudinally. 

Gonads in the form of poly carps. 

The species of Goodsiria may be distinguished thus :— 

f Test somewhat sandy ; ascidiozooids elongated. 

-j 6\ lapidosa, n. sp. (Austr.) 

( Test not sandy; ascidiozooids rounded.. 1 


* Possibly Giar&’s Synstyela from the French coast vavj be distinct from this 
British species. 
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I f Branchial sac folded; colony discoid. G. placenta, Herdm. (S. Atl.) 

{ Branchial sac not folded; colony not discoid . 

! Colony rounded or pyriform, pedunculated. [Mag.) 

G.pedmmlata, Herdm. (S.Atl., 

Colony elongated or irregular, sessile. 

G, coccinea, Cuim. (Mag.) 


2 


Ocdlikauia, Gray, 1868. 

Colony massive, erect, elongated. 

Test solid, containing sand-grains. 

Ascicliozooids completely imbedded in the test. 

This imperfectly described genus contains a single species, 
Octtlimria australis, Gray, from the western coast of Australia. 


■ Suborder III. ASCIDIA3 LUCIA!, Sav„ 1816. 

(Asc. Sadpifoehes, Audi). 

This group contains free-swimming pelagic Ascidians which 
reproduce by gemmation so as to produce colonies having the 
form of a hollow cylinder closed at one end. The aseidiozooids 
forming the colony are embedded in the common test in such a 
manner that the branchial apertures all open on the outer sur¬ 
face, and the atrial apertures on the inner surface next to the 
central cavity of the colony. The first four ascicliozooids are 
produced by gemmation from a rudimentary larva (the cyatho- 
zooid) developed sexually. 

The Ascidise Luciae include a single family, the Pyrosomidm, 
containing one well-marked genus, Byrosoma. 

Family PYBOSOMID2E, T. B. Jones , 3848. 

Colony free-swimming, and having the form of a hollow cylinder 
closed at one end. 

. Systems —only one present, the terminal aperture of the colony 
being the common cloacal opening. 

Ascicliozooids elongated antcro-posteriorly, and placed in a 
single layer with their branchial apertures opening on the surface 
of the colony, and their atrial apertures into the axial tube or 
common cloaca. Body of ascidiozooid not divided externally 
into- regions. Apertures not lobed. 

■ Test gelatinous and transparent, containing no spicules, but 
many small cells. 

Branchial sac well developed, not folded. Consisting of 
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numerous transverse vessels separated by narrow slits (the stig¬ 
mata) and numerous internal longitudinal bars. 

Tentacles present; simple. 

Dorsal lamina in the form of languets. 

Alimentary canal placed posteriorly to the branchial sac. 

Gonads situated in the wall of the pei ibranchial cavity, pos¬ 
terior to the branchial sac. The embryo becomes a rudimentary 
larva (the cyathozooid), which gives rise to the first ascidiozooids 
of the colony. 

Gemmation tabes place from a ventral and posteriorly-placed 
stolon. 

This family contains the single genus Byrosoma , which may be 
characterized as follows:— 

Pykosoma, Peron , 1804. 

Colony free-swimming, and having the form of a cylinder with 
a large axial cavity closed at one end and open at the other. 

Systems —only one present, the terminal aperture of the colony 
being tbe single common cloacal opening, and the axial cavity 
the common cloaca. 

Ascidiozooids elongated antero-posteriorly, and placed in a 
single layer with their anterior ends external and their posterior 
ends internal. Branchial apertures anterior, opening on the 
surface of the colony. Atrial apertures posterior, opening into 
the centrally-placed common cloaca. Body not divided ex¬ 
ternally into thorax and abdomen. Apertures not lobed. 

Test gelatinous and transparent, containing numerous stellate 
branched cells. 

Branchial sac well developed, not folded, and not extending to 
the posterior end of the body. Vessels of two kinds—trans- 
werse vessels which are numerous and closely placed, leaving 
elongated slits between, which are directed transversely to the 
antero-posterior axis of the body; and longitudinal vessels, 
which are not quite so numerous, and cross the transverse vessels 
so as to form small quadrangular meshes. 

Tentacles simple, one ventrally placed larger than the rest. 

Dorsal lamina represented by a series of eight or more taper¬ 
ing languets. 

* Dorsal tubercle with a simple aperture. 

Alimentary canal short and simple, placed posteriorly to the 
branchial sac. 
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Gonads hermaphrodite, placed posteriorly to tlie branchial sac, 
in diverticula of the peribranchiai cavity. 

Gemmation from a ventrally-plaecd stolon, formed at the 
posterior end of the endostyle. 

The following is a scheme of the known species of Fgrosoma , 
P. atlanticim and P. giganteimi are, however, such closely related 
forms, that a number of characters have to be taken into account 
in distinguishing between them. I know of no one good 
character by which these two species can be separated:— 

f Asoidiozooids arranged in regular verticils, 
j IK eUgans, Lcs. (Atl., Med.) 

| Aseidiozooids arranged irregularly.. 1 

f Surface of the colony provided with short sharp spines only. 

1 j IK spmomm, Ilerdm. (Atl.) 

| Surface of the colony provided with large processes of the test. 2 

1 Colony conical, processes of test subulate or conical. 

P atlanticim, heron. (Atl.) 

Colony cylindrical, processes of test flattened and lanceolate at their 

free ends .. IK gigantcim *, Les. (Atl., Med., 

[A. Arct., Mai.) 

Order II. THALIACEA (&».), v. cl Iloeven. 

The Thaliacea are free-swimming pelagic forms, which may be 
either simple or compound, and, in the adult, are never provided 
with a tail or a notochord. 

The test is permanent, and maybe either well developed or 
very slight. 

The musculature of the mantle is in the form of more or less 
complete circular bands, by the contraction of which locomotion 
is effected. 

The branchial sac has either two large or many small apertures 
(stigmata), leading to a single peribranchiai cavity which com¬ 
municates with the exterior by the atrial aperture. 

The anus opens into the peribranchiai cavity. 

Alternation of generations occurs in the life-history, and may 
be complicated by polymorphism. 

This order includes all the pelagic Tunicata with the exception 
of Pgrosoma and the Appendieulariidm. It seems a natural 

* It must bo remembered that P. gigemimn is not the largest species. 
P. qmmiim, discovered during the * Challenger * Expedition, is many times 
larger than Lesueur’s species. 
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well-defined group, characterized amongst the free-swimming 
forms by the absence of a tail and a notochord in the adult, and 
by the occurrence of alternation of generations in the life-history. 
Temporary colonies may be formed at one stage in the life- 
history, but they never increase in size by gemmation from the 
ascidiozooids, which eventually separate from one another. This, 
along with the alternation of generations, distinguishes the 
Thaliaeea from the Ascidia Lucise Salpiformes), and the absence 
of a tail and notochord separates them from the Larvacea. 

The Thaliaeea may be divided into two groups, the Cyclomy- 
aria and the Hemimyaria. 

Suborder I. CYCLOMYARIA (Krohn), Uljanin, 1884. 

Tree-swimming pelagie forms which exhibit alternation of 
generations in their life-history, but never form permanent 
colonies. 

The body is cash-shaped, with the branchial and atrial apertures 
at the opposite ends. The test is more or less well-developed. 

The mantle has its musculature in the form of circular bands 
surrounding the body. 

The branchial sac is fairly large, occupying the anterior half 
or more of the body. It has distinct walls, and the small slit¬ 
like stigmata are usually present in its posterior part only. The 
peribranchial cavity is mainly posterior to the branchial sac. 

The alimentary canal is placed close to the posterior end of the 
branchial sac. 

Hermaphrodite reproductive organs are placed ventrally near 
the intestine. 

The sexual generation in the life-history is always polymor- 
phic. 

This suborder contains a single family only, 

[Family HOLIOLIDiE, Refer stein, 1862. 

Body free, more or less barrel-shaped; branchial, and atrial 
apertures terminal and lobed. 

Test rather slightly developed. 

3£a?itle containing transverse muscle-bands, which form hoops 
surrounding the body. 

Branchial sac well developed. Stigmata not numerous, gene¬ 
rally placed far back. 

Dorsal lamina and tentacles absent. 
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Alimentary canal at the posterior end of the branchial sac. 

Gonads hermaphrodite. 

Gemmation tabes place. 

Life-history complicated by alternation of generations and 
polymorphism. 

This family contains two genera, which may be distinguished 
as follows :— 

All the muscles in the form of encircling hoops .. Doliolum. 

The musculature reduced to 2 hoops at each end and two lateral 
S- shaped bands . .... Anchinia, 

Doliolum, Qaoy and Gaimard , 1835. 

Body always more or less barrel-shaped, not attached, and 
never forming a colony. Branchial aperture at the anterior end, 
atrial at the posterior, both surrounded by lobes. 

Test very thin, containing no test-cells. 

Mantle containing well-developed, transversely arranged 
muscle-bands, which in the fully developed sexual animal are 
always eight in number. They surround the body like hoops. 

Branchial sac usually of moderate size, occupying the anterior 
half or three-quarters of the body. Its wall contains transverse 
and fine longitudinal vessels, separated by stigmata, but no 
internal longitudinal bars, and it is never folded. The stigmata 
are placed transversely, and vary in number from five to fifty or 
more on each side of the sac. 

Dorsal lamina and tentacles absent. 

1Verve-ganglion placed in the median dorsal line, a little ante¬ 
rior to the middle of the body, and between the third and fourth 
muscle-bands. 

Dorsal tubercle placed some distance in front of the nerve- 
ganglion, and surrounded by the spirally-coiled dorsal ends of 
the peripharyngeal bands. 

Alimentary canal placed ventrally, behind the branchial sac. 

Gonads ventral, opening into the peribrauehial cavity near to 
the anus. 

A tailed larva is formed, which develops into an asexual form, 
the blastozooid, the buds from which are polymorphic, giving 
rise to (a) nutritive forms, the, gastrozooids; (b) foster-forms, 
the phorozooids ; and (c) reproductive forms, the gouozooids. 
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Nine species of Doliohm are known, which may be distin¬ 
guished as follows :— 


( Branchial sac with only a few stigmata at its posterior end, forming 

a straight line .......... 

Branchial sac with numerous stigmata extending along the greater 

part of its length, and forming a curved line ...* 

I f Only 5 pairs of stigmata. D. ramm, Grobben. (Med.) 

[At least 10 pairs of stigmata .... 

o f 10-12 pairs of stigmata . D. Mullen , Ki\ (Med.) 

\ 25 pairs of stigmata . D. Krohni, Herclm. (S. Pac.) 

() f Stigmata starting dorsally near the 1st muscle-band .. 

* 1 No stigmata reaching to the 1st muscle-band dorsally. 

( Stigmata reaching to the 1st muscle-band ventrally. [Med.) 

I), Ehrenhergi , Kr. (S. Pac., AfcL, 
No stigmata in front of the 3rd muscle-banc! ventrally. 

D. affine, Herdm. (Pac.) 

^ f Stigmata starting dorsally about the 2nd muscle-band.. 

[ Stigmata starting dorsally behind the 3rd muscle-band... 

( Stigmata reaching back to the 5th muscle-band. 

D. Challenger!, Herdm. (Pac.) 

Stigmata reaching back to the 6th muscle-band. [& Atl.) 

D. dentieulatum , Q. & G. (S. Pac. 

( Stigmata reaching only to the 5th muscle-banc! ventrally. 

D. Qegenhauri, TJlj. (Austr., Med.) 
Stigmata reaching nearly to the 4th muscle-band ventrally. 

D. tritonis, Herdm. (N, Atl.) 


1 

2 

3 

4 

5 


6 

7 


Anchinia* (Bschscholtz, 1835), C. Vogt . 

Body rounded, somewhat elongated dorso-ventrally, not 
attached, and not forming a colony. Branchial aperture anterior, 
atrial posterior, both lobed. 

Test well developed, containing branched test-cells. 

Mantle having only 2 anterior and 2 posterior ring-like muscle- 
hands, and an S-shaped band on each side in the middle. 

Branchial sac having only an oblique row' of stigmata at its 
posterior end. 

Alimentary canal forming a U-shaped loop. 

Oonads placed on the right side of the body. 

The life-history, so far as is known, is similar to that of 
Doliolum , but the three forms of the polymorphic sexual gene¬ 
ration do not occur together on one stolon or outgrowth, but are 
produced successively. 

There is only one species known, Anchinia rubra, Vogt, from 
the Mediterranean. 


* The Eoliopm of 0. Yogt. 













PROF. W. A. IIERDAUN’s REVISED 


64.-1 


Suborder II. UEMIMYAUIA , Hardman, 1SS8. 

Free-swimming pelagic forms which exhibit alternation of 
generations in their life-history, and in the sexual condition form 
temporary colonies. 

The body is more or less fusiform, with the long axis antero¬ 
posterior, and the branchial and atrial apertures nearly terminal. 

The test is well developed. 

The musculature of the mantle is in the form of a series of 
transversely-running bands, which do not form complete and 
independent rings, as in the Cyclomyaria. The branchial and 
pcribrancliial cavities form a continuous space in the interior of 
the body, opening externally by the branchial and atrial apertures, 
and traversed obliquely from the dorsal and anterior end to 
the ventral and posterior by a long narrow vascular band which 
represents the dorsal lamina, the dorsal blood-vessel, and the 
neighbouring part of the dorsal edge of the branchial sac of an 
ordinary Aseidian. 

The alimentary canal is placed ventrally. It may be either 
stretched out, so as to extend for some distance anteriorly, or, as is 
more usual, be concentrated to form, along with the reproductive 
organs, a rounded opaque mass near the posterior end of the 
body, known as the visceral mass or “ nucleus.” 

The embryonic development is direct, no tailed larva being 
formed. 

This suborder includes two very distinct families, the Sul)mice, 
which contains the typical members of the group, and the Octa- 
cnemidm, including a single very remarkable form (Oetaoneunts 
hyfhilts, Moseley), which in some respects does not conform with 
the characters given above. 

Family I, SALPIDiE, Forbes, 1868. 

Body not attached, elongated; branchial and atrial apertures 
at the opposite ends. 

Test well developed, gelatinous or cartilaginous. 

Mantle with well-marked muscle-bands, which, however, do 
not form complete rings, hut arc wanting ventrally* 

Branchial and peril ran dual cavities farming a large central 
space opening to the exterior at both ends. Side walls of branchial 
sac not developed. At most only a few imperfect or rudimentary 
stigmata found along the dorsal edge. 



CLASSIFICATION OF TEE TUNIC AT A. 


645 


Dorsal lamina la the form of a vascular ciliated baud traversing 
the central cavity obliquely. 

Alimentary canal usually forming a small coiled mass placed 
posteriorly and ventrally. 

Gonads hermaphrodite, but ova and spermatozoa not mature' 
together. 

Reproduction also takes place by gemmation, and alternation 
o£ generations occurs in the life-history. 

The embryo develops in an incubatory pouch. JSfo tailed larva 
is formed. 

This family includes two very distinct groups of species usually 
recognized as the genera Salpa and Cyclosalpa ; hut Lahille lias 
recently broken the former up into four sections or subgenera, 
and I believe it will be convenient to follow that course. 

f Alimentary canal extended, no “ nucleus,” “ chains ” circular. 

\ Cyclosalpa. 

[ Alimentary canal coiled to form a “ nucleus,” "‘chains ” ribbon-like ... 1 


^ |‘ Several embryos formed at a time.... Xasis. 

\ One embryo only at a time ... 2 

9 /The embryo covered ..... Salpa. 

\ The embryo exposed. 3 

o f The dorsal lamina or “ gill” having only ciliated bands. Thalia. 

\ The “gill” having rudimentary stigmata . Pegea. 


Cyclosalpa, Blainville , 1827. 

Alimentary canal running antero-posteriorly, and not coiled 
up to form a “ nucleus.” 

Gemmation results in the formation of a chain of aggregated 
forms attached together in a circle. 

In other particulars like Salpa . 

This genus contains the following three species:— 

f With linear pigmented bands on dorsal edge. 

I C. phmata, Forsk. (Atl., Pac., Med,) 

| With no such bands ........ 1 

( Aggregated form has atrial aperture terminal, posterior. Solitary form 
with no longitudinal muscles CL affinis, Cham. (All., Pac., Med.) 
Aggregated form has atrial aperture dorsal. Solitary form with four 

longitudinal muscles. C. dollchosomn-vbyula, Tod.-Vogt. 

[(Med.) 

Salpa, Forslad, 1/75. 

Body not attached, elongated, with the apertures at the oppo¬ 
site ends. 

Test gelatinous or cartilaginous ; transparent. 

Mantle with muscle-bands which are more or less incomplete 
vent rally. 
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Branchial sac opening freely into the poribranchial cavity; 
do lateral walls; at most some rudimentary stigmata along dorsal 
edge. 

Dorsal lamina in the form of a vascular band marking the 
junction of branchial and atrial sacs. 

Alimentary canal coiled up to form a small opaque mass placed 
posteriorly and ventrally, and usually known as the “ nucleus.” 

Chain of aggregated forms in the shape of an elongated ribbon- 
like band. 

One embryo developed at a time, and covered. 

This genus has had a number of species referred to it, amongst 
which the following are sufficiently known to be distinguished~ 

f Aggregate forms with only 4 transverse muscle-bunds. 

■I _ 8. punctata, Porsk. (AtL, Med.) 

I Aggregate forms with 5 or 0 muscle-bands .... 1 

/‘Aggregate forms with 5 musclo-bauds. 

1' 8. cylindrica , Cuv, (AtL, Pac,, A. A ret.) 

, Aggregate forms with 6 muscle-bands ... 2 

‘Descendingbranches of 4th and 5th muscles approximated on each side. 
q h 61 runcinata-fmiformis, Cham.-Cuv. (AtL, Mod., Pae., 1. 0., MaL, A. Arct.) 

Descending branches of 4th and 5th muscles not approximated. 

8. africam-maxima *, Porsk. (AtL, Ind, 0., Med., A. Arct.) 

The solitary form of S. runcinatafwsiformis is easily distin¬ 
guished by the short spinose projections from the posterior end; 
while 8. cylindrica and S. africana-maxima (which have 310 such 
processes) differ from one another in their muscles, those of the 
latter species being all parallel, while in 8. cylindrica the four 
anterior approximate dorsally. 

Thalia, Blumenbach , 1810. 

Branchial sac having only ciliated bands along its dorsal edge. 

Alimentary canal closely coiled up to form a “nucleus,” 

Gemmation results in a ribbon-like band of aggregated forms, 

Single embryo develops at a time. It is not covered, 

In other particulars like Salpa. 

This section includes only tho species Thalia democratka- 
mucronataf, Porsk. (Atl., Pac., Ind. 0., Med,, Mai., Austr.), and 
the variety flagellifera, Traust. (AtL and Ind. ().), distinguished 
by the very long tapering processes at the posterior end of the 
body in the solitary form. 

* Salpa mollis , Eterdra. (S. Pac.), is probably allied to this species, but 
cannot be placed with certainty. 

t Salpa nitida, Herdm. (Pac.), is probably closely related to this species. 
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Pegea, Savigny , 1816. 

Branchial sac haying rudimentary stigmata on its dorsal 
edge, alongside the dorsal lamina. 

Alimentary canal coiled up to form a “ nucleus.” 

Gemmation results in a ribbon-like band of aggregated forms. 
Single embryo develops at a time. It is not covered. 

In other particulars like Saif a. 

This section contains the single species Pegea scutigera - 
confcederata Cuv.-Forsk. (Ail., Pac., Ind. 0., Med.). 


Iasis f ( Savigny , 1816), Lahille , 1890. 

Alimentary canal closely coiled up to form a 44 nucleus.” 
Gemmation results in a ribbon-like band of aggregated forms. 
Embryos 2 or 3 in number at a time. 

In other particulars like Sal fa. 

This section includes three species *.— 

f With no large appendages at posterior end in solitary form. Aggre¬ 
gated form with anterior end narrower than posterior, 
j I. cordifomnis-zonaria , Q. & G-.-Pall. 

" [(Atl.. Ind. G„ Pac., Med.) 

With a pair of large appendages at posterior end in sol. form. 

Agg. form with anterior end wide ... 1 

(Appendages plain, directed laterally, no longit. ridges on test. Agg. 
j form with aperts. terminal. I costata~Tilesii, Q. & G.-Cuv. (Atl.) 
l{ [Ind. 0., Pac., Med.) 

| Appendages serrated, directed posteriorly and terminating longitudinal 
L ridges of teBt. Agg. form with apertures dorsal .... 2 

( Muscle-bands wider than the interspaces in agg. form. 

I hcxayom j, Q. & G. (Pac.., Ind. O.) 
Muscle-bands much narrower than interspaces; only agg. form known. 

/. nit Ida j Herdm. (Pac.) 

Most of the remaining species of Salpidse which have been de¬ 
scribed or figured have been shown by Tra usted t, or others, to 


* Satpa quadrata , Ilerdm. (N. All.), appears to be closely related to this 
species. The single ‘ Challenger * specimen (sol. form) had a remarkable club- 
shaped dorsal lamina; but that may be an individual abnormality, 
t This, however, is not the lasts of Savigny, the type of which was Salpa 
eylindrica. 

| Salpa mmculosa, Herdm. (Atl.), and $. eehinata , Herdm. (Atl, Pac,), are 
probably closely allied to this species; but as the condition of their embryos is 
not known, they cannot be placed with certainty in this genus. The solitary 
forms only are known, and they differ in several particulars from that of 
Iasis hexagona. 
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t'KOV. W, V. HKunMAN*# it kvtshd 




Hf' mmv nr less certainly synonyms of one or other of the jmv 
sfuvu^ The iollowiug, however, are imnerfecfly known, 
and J-hil Ui fUuiisttut cane and may some of them be distinct 

' i; | h ’ * * i e ■■ •;. 

uttfHirfht, iVJey*‘it, (A. Arc(«.) 

^ tUiUirfiphirrU) I.Yt. & ht*s, (Ail.) 

S, (lluuti, (N. Pm%) , 

S, (■ham. (Mai.) 

K tumdrtt, D. C‘h. (Mail.) 

S, dxht\t { Ohnm. (N. Par.) 

S, t i)w>yiintnt % Q, Si U, (Pac.) 

S. h< rnifett, Dali. (N. AM) 

S.infunmMkil (Par.) 

S, i'jtr>nttididin s T#**w* (?) 

KrMMvdl&H* (Puts) 

*K i‘uht'tdhh'<tfut ht*SH» (?) 

K friiutsjth'frt, 'Dt'Srt. (?) 

N, frkaxpiduM, Q, k (5. (IV.) 

-S'. Mffitwfa ,, Cham, (Mat.) 


Family 11. OUTACNUMI'D^i, Ilerdman, 1888. 

]tod if lla,tUmed imimm-posteriorly (?), probably attached, 

Trnt gelid ileum, t hin, transparent. 

Hnnu'hujf me with no stigmata or openings into the peri- 
branchial cavity, 

AUmmUtrif a* mil plant'd dorsal ly and posteriorly; coiled up 
ah no: with tie* reproductive organs to form a visceral mass or 
u nucleus/* 

1 4 ij}> -• A into rtf unkmmu. 

lids family contains only tint remarkable deep-sea mentis 
(kUmumm, discovered timing tho MJluilhmgur * Expedition. 


C Hit AON KWirn, M'mdtif) 1870 (Mmimaii, 1888). 

, Jiottjf flattened mitwi-poHtonorly (?), probably attached by tho 
powterior end. Margins of 'body prolonged to form 8 conical 
radiating processes, 

7W/ gelatinous, thin, transparent. 

Mantle slight, Musculature in the form of narrow muscle- 
binds, which are mainly confined to the conical processes 
Branchial me with its length directed dorso-ventrally, and having 
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merely imperforate pits in its wails, and no direct connection 
with the peribranchial cavity. 

Dorsal lamina unrepresented. 

Alimentary canal coiled up along with the reproductive organs 
to form a visceral mass (the “ nucleus ”), placed at the dorsal edge 
of the posterior end of the body. 

Gonads hermaphrodite. 

This genus contains the very aberrant abyssal form Octacnemus 
bylhins , Moseley, obtained during the 4 Challenger ’ Expedition in 
the South Pacific from depths of 1070 and 2160 fathoms. 


Order III. LABYACEA, Herdman , 1882. 

Tim Larvacea, or Copelata(Gegenb.), are free-swdmming pelagic 
forms, provided with a large locomotor appendage (the 44 tail ”), in 
which there is a skeletal axis (the urochord). 

A relatively large test (the 44 Haus ’*) is formed with great 
rapidity as a secretion from the surface of the ectoderm; it is, 
however, merely a temporary structure which may be cast off and 
afterwards replaced by another. 

The branchial sac is simply an enlarged pharynx with two 
ventral ciliated openings (stigmata) leading to the exterior. 
These open independently on the ventral surface. There is no 
separate peribranchial cavity. . 

The nervous system consists of a large anterior and dor- 
sally placed ganglion, and a long nerve-cord with smaller ganglia, 
stretching backwards from it over the alimentary canal to reach 
the tail, along which it runs on the left side of the urochord. 

The alimentary canal lies behind the branchial sac, and the 
anus opens ventrally on the surface of the body in front of the 
stigmata (or atriopores). 

The gonads are placed at the posterior end of the body. 

Gemmation does not take place, and alternation of generations 
and metamorphosis do not occur in the life-history. 

This group contains a single family, the Appendieulariidm, all 
minute tailed free-swimming forms, which have undergone com¬ 
paratively little degeneration, and consequently correspond more 
nearly to the tailed-larval condition than to the adult forms of 
the other groups of Tunicata. 

46* 
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Family APP ENDICTTLA E 11 .D M , Broun, 1802. 

Body more or less ovate, with the longer axis antero-posterior, 
and having a large appendage (the tail) attached to the ventral 
surface. The branchial aperture is anterior. 

Test periodically developed into a very large investing-capsule, 
which is after a time cast off from the body. 

Branchial sac is simple, and has only two openings, which are 
placed on© on each side of the ventral edge, and lead to separate 
atrial apertures. 

Bfervous system consists of a largo ganglionic mass placed 
dorsal!y near the anterior part of the body, and a nerve-cord with 
ganglionic thickenings which is continued posteriorly and ventrally 
into the appendage. 

Alimentary canal lies posterior to the branchial sac. The 
anus opens on the exterior of the body. 

Gonads , like the anus, independent of the atrial apertures. 

This family contains five genera *, which may be distinguished 
thus:— 


{ No heart, no endostyle, pharynx with 4 rows of ciliated processes. 

Kowalevskia. 

Heart and endostyle, no such processes in pharynx.. 1 

f Body elongated and divided into two parts; fold of integument forming 

Is a hood . Fritillaria. 

[ Body compact, short; no hood ..... 2 

2 f Rectum enormous, tail moderately long . Appendicularia. 

z ( Rectum not very largo, tail very long... 3 

f Body ovoid, not depressed.... Oikoplenra. 

** \ Body rhomboid, depressed ..... Stegosoma. 


Appxnb70U1iA.ru (Cham. 1821), Ml, 1874. 

Body contracted, depressed anteriorly, hwoIIoh posteriorly. 
Ho fold of integument forming a hood is present. 

Tail moderate, measuring twice to thrice the length of the body. 

J Endostyle slightly curved. 

Mectum enormous, larger than stomach and intestine together. 

* Vexilhria , J. Muller, is a synonym of Qikopleum , and Eurycercus , Busch 
of Fritillaria, A remarkable form was described (no name) by Moss in 1871 
as having stigmata in the wall of its branchial sac. If that is correct, and if 
the form really belongs to this family, it ought to be placed in a genus by 
itself. I would suggest for it the name Moma ioliohidm . 
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Probably this germs, in tbe restricted sense, contains only two 
or three species. The only one sufficiently described is Appendi- 
cularia Simla, Pol (Med.). 


Oikqpleura ( Mertens , 1831), Fol, 1872. 

Body ovoid, contracted ; no hood present. 

Tail long, measuring from thrice to four and a halftimes the 
length of the body. It is about four to six times as long as it is 
broad. 

Endostyle straight. 

The following are the better-known species of this genus. A 
number of others which have been named or referred to cannot 
be placed. The first-known species was Oikoplewra Chamissonis, 
Mertens (N. Pae.). Another form frequently referred to is 
0 . flab ell am, J. Mull. 


f The “ IXaus ” almost globular. 1 

\ The “ Haus ” not globular, usually ovate . 2 

J With a pre-anal fold of integument ... 0 . spirn , Fol. (Med.) 

1 With no pre-anal fold. 0. speciosa , Eisen. (N.W. Ear.) 


o f Stomach and intestine of a bluish or violet colour... 

\ Alimentary canal not blue or violet . 

o f Body 1 mm. long... 0. dioica, Fol. (Atl, & Med.) 

\ Body 0’2-0*5 mm. long .. 0, asndescens, Greg. (Med.) 

m f Body 1 to 2 ram. long... 

* { Body about 4 nun. long . 0. copkocerca, Greg. (Med.) 

g ( Body 1*8 ram. long . 0, rufescens, Fol, (Atl., Med.) 

( Body elongated, narrow, tail rather wide, mouth directed upwards. 

O.fnsiformis, Fol, (Atl., Med.) 

Body ovato-elungate, tail very narrow, mouth directed forwards. 

0. albicans , Leuck. (Med.) 


3 

4 

5 


6 


Stegosoma, Ohm, 1.888. 

Body rhomboid, depressed. 

Endostyle moderately large. 

Stomach and intestine forming an arch over the liver. 
This contains a single form named by Chun. 


Fritillaria (Q. # O. 1838), Fol, 1872. 

Body elongated, more or less constricted in the middle where 
the tail is attached. A fold of integument on the front of the 
body forms a u hood,” 

Tail short and wide, about once and a half as long as the body. 
Endostyle curved. 
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The species which arc sufficiently known can be distinguished 
thus :— 

f The tail bifurcated at its extremity.....1 

[ Tail not forked. 2 

'With loner posterior processes, forks of tail not narrow. 

F.fiircafa, Vogt (Mod.) 

' With short, posterior processes, forks of tail narrow, 

F. megaohik, Fob (Med.) 

0 (Body bent at an angle, mouth U-lobed. F. formica, Fob (Med.) 

* [ Body straight, mouth not lobed. 5 

f Body 2*25 mm. long, stinging-cells in integument. 

F. nrtkans,m. (Med.) 

Body 1*15 mm. long, no stinging-cells... F. fmplostuma*, Fob (Med.) 

Kowat/evskta f, Fol, 1872. 

Body ovoid, truncated anteriorly. 

Tail large, lanceolate and pointed. 

JEndosfyle and heart absent. 

Pharynx with four rows of ciliated processes. 

Intestine absent, except tbe rectum. 

This remarkable genus contains a single species, Kowalemkia 
tenuis, Fol, from tbe Mediterranean. 


Appendiculariid® have been found in nearly all seas of the 
world; but most of tbe forms recorded or preserved cannot 
now be referred to their proper species. 

* Appmdicukma acrocerm of Gcgeubaur. 

t This genus lms such exceptional characters, that it might he separated from 
the Appondicularikhe as a distinct family. 
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805. 

Acletos, 28, 217, 266, 292, 293, 304. 
iEolopneustes, Dime, cf Bladen, 116, 
125,290. 

Acrope, Norm., 266, 270, 271, 293. 

rostrata, Wyv. Thoms., 271. 
Agarites, Agass., 98, 294. 

Agassizia, Cotteau, 225, 235, 237, 292. 

gibberula, Cotteau, 238. 

Alcleria, Lahilk, 578 note. 

Alectona Millari, Carter, On a Variety 
of, by A. Vaughan Jennings, 531- 
538. 

Alectona, 587, 538. 

Millari, Carter, 532, 535, 536, 
538. 

Aleurites triloba, 850, 359. 

Alexandria, Rfoffer, 105. 

Alina meridionals, Risso, 599. 


Amaroucium, H, Milne-Edw., 615 note, 
616, 624. 

albicans, M.-Edw., 623. 
albidum, Herdm ., 623. 
bilaterale, Giard, 618. 
colelloides, Herdm., 623. 
commune, v. Dr., 623. 
complanatum, Herdm., 623. 
conicum, Olivi, 622. 
constellatum, Verr., 628. 
crystallinum, D. Valle, 622. 
densuui, Giard, 623. 
fuseiim, v. Dr., 623. 
glabrum, Verr., 628. 
globosum, Herdm., 623. 
kepaticura, Herdm., 623. 
irregulars, Herdm., 623. 
lacteum, v. Dr., 622. 

Imvigatum, Herdm., 623. 
nigrum, Herdm., 623. 

Nordmarmi, M.-Edw., 022. 
pallidulum, Herdm., 623. 
pallidum, Verr., 628. 
papillosum, Aid., 628. 
pellucidum, Verr., 628. 
pomum, 628, 

proliferuTu, M.-Edw., 623, 
punctum, Giard , 623. 
recumbens, Herdm., 623. 
rosoum, D. Valle, 623. 
simulans, Giard, 628. 
stellatuin, Verr., 628. 
subaeutum, v. Dr., 623. 
torquatum, v. Dr., 623. 
variabile, Herdm., 623. 

Anmstra, 346, 353, 355, 356. 
trisiis, 356. 
turritella, 356. 
vent-ulus, 356. 

Amblypneustes, Agass,, 112, 290. 
griseus, 113. 

pentagons, Agass., 113, 114. 
Amblypygus, Agass., 168,170,199, 291. 
Ammodytes, 400 note. 

Amniota, 390, 543. 

Amphisbffina alba, 400 note. 
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AmphisbiBiia oinerea, 407. 
darwinii, 400 note, 
fuligiuosa, 400 note. 

Arapliidebus, Jym., 2(>1. 

Am phi clot,us, Fork, , 201. 

Amphiliolia oeulata, Dune., 532. 

Amphiope, Agass., 159, 294, 543, 549, 

557. 

Ananchytes, Lamh, 202, 200, 210, 294. 

Ananchytidut, 205, 292. 

Anaulocidaris, ZUtel, 27, 33 note, 

294. 

An chin ia, Eschoholh, 642, 043. 
rubra, Vogt, 043. 

Ancisfcrognster, *SV hi, 505, 523. 
luctuosus, St hi, 523. 

Andrena, Fa.hr., 418, 431. 

Androctoims variegate, Gen., 439. 

Ancelmm, Sc add, 505, 523. 

Anisaster, JPomel , 235, 294. 

Anisolabis, Fidh., 505, 510, 
antonmata, Kirby, 517. 
azteca, Dohm , 518. 
littorea. White, 517. 
mauritanica, Luo., 517. 
rufescens, Kirby , 517, 531. 
xenia, Kirhy , 517. 

Anoehanus, Grube, 174, 177, 291. 

Anomalanthus, J. Bell, 149, 151, 155, 
291. 

tumidus, Woods, 155. 

AnorthopyguB, Cotteau, 108,173, 291. 

Anosia plexippus, 304. 

Anthidium, Fabr., 425, 420, 432. 

Anthobrissus, Pomel, 187, 294. 

Anthocidaris, LiUk., 121. 

Anthophila Ilymenoptcra, On the 
Tongues of British, by Edw. Saunders, 
410-432. 

Anthophom, Lair., 413, 414, 428, 
432/ 

Anura, 548* 

Amirella, LaoDutA, 500. 

Apachyus, Sera,, 503, 504. 

Apetala, 23, 217, 200, 293. 

Apex, 355, 350, 358. 
loratus, 350. 
pallid us, 350. 

Apidai, 411. 

Apis, Linn., 411, 413, 430, 432* 
nielli flea, 410. 

Aplididffi, 615 note. 

Aplidiopsis, Lah., 010, 018. 
incertus, Herdm., 018. 
minute, Herdm 618. 
pyriformis, Herdm,, 018. 
vitreus, Lah., 018. 

Aplidium, San, 016, 621. 
asperum, v. Ur., 621. 

'eajnileum, Lah., 022. 


Aplidium ealiculatum, San, 022. 
crassuin, Herdm., 022. 
desprctum, Herdm., 022. 
cfluBum, San, 022. 
failax, Johns., 021. 
i'umigatmn, Herdm,, 022. 
fuseum, Herdm., 021. 
gibhulusum, San, 022. 
griseum, Lah, 022. 
iuerustnns, Herdm., 022. 
leu copluxiut 11 , Herdm., (>22. 
lobatum, Sam, 622, 
nutans, Johns!., 028. 
pollucidum, u. Dr., 021. 
tremulum, San., 021. 
jsostericola, Giard , 022, 

Appendicularia, Cham., 050. 
aoroeeim, Geymb., 052 note, 
sieula, F<d., 65.1. 

Appendieulariidm, Broun, 040, 650, 
652. 

Apterygida, 505. 

Araclmmm, 158,105, 29 L 

Araelmiopleurus, Dune. § St a den, 97, 
100, 290. 

Araehnoides, Brem *, 143, 158, 105, 
291. 

j Arbacia, Gray , 92, 93, 94, 290. 

Arbaciidce, 45, 57, 92, 290. 

Archajocidaridm, 7, 8, 288. 

Arehmocidaris, McCoy, 0, 7, .11, 288. 

Archiaeia, Ay ass., 23*, 200, 201, 292. 

Argentina, 551. 

Argopatagus, A . Ay ass., 206, 270, 278, 
293. 

Ascidia, Linn., 589, 590, 591, 594, 
595 note, 590, 597. 
allin is, Aid. cp llano., 595. 
albeola, Las., 595. 
albida, Aid. if Ham., 595. 

Aldcri, Emm., 595. 
amelmoidea, Forh., 594. 
arelmiu, Shelter, 590 note, 
aspora, Heller, 592. 
aim, Les„ 592* 
adnata, Stimps., 595. 

(•analieulnta, Heller, 593. 
mpillata, Shit,, 592* 
capsicum, Costa, 595. 
caudal a, Heller, 593. 
ciuemosa, Lea,, 595. 
challenged, Herdm 593. 
chonclulega, (). F. M., 591. 
clavata, Fabr., 571 note. 
clavifomuB, Lesimr, 002. 
complnnata, Fabr., 595, 
complamita, Verr., 595, 
coriaeea, Heller, 593. 
mrruguta, 0 , F. Mailer, 599, 
erassa, Ilmic., 595, 
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Ascidia curvata, Traust, 592. 
cyJindracea, Herdm ,, 592. 
decomplex, 591 note, 
depressa, Aid., 594. 
depressiuscula, Heller , 594, 
despecta, Herdm., 592. 
dijmphniana, Traust., 591. 
diplozoon, Shut,, 591. 
elliptica, Aid. § Hanc ., 595. 
elongata, Boule, 594. 
elongata, All 4" llano., 595. 
exigua, Herdm., 592. 
falcigera, Herdm., 592. 
fumigata, Grade, 593 
fu&itormis, Herdm., 593. 
gelati.ia, 0. F. Midler, 604 note, 
glaciaiis, Traust., 592. 
hygomiana, Traust., 594. 
iiicrabsata, Heller, 593 note, 
ingeria, Traust., 594. 
inornata, Hanc 595. 
infemrpta, Heller, 594. 
involuta, Heller, 591. 
koreana, Traust., 594. 
kuneides, SI., 594. 
lata, Herdm., 593. 
liberata, Sluit, 593. 
liinosa, Shtit., 593. 
lobifera, Les., 595. 
longitubis, Traust „ 594. 
malaea, Traust,, 594. 
marioni, Boule, 593. 
melanosfcoma, Sluit., 592. 
mentula, 0. F M., 593. 
mentula, Traust., 593, 
meridionalis, Herdm., 593. 
mollis, Aid. Hanc., 595, 
multiformis, Les., 595. 
muricata, Heller, 592. 
nigra, Sai\, 592. 
nodosa, Sluit., 592. 

Normani, Aid. tf Hanc,, 595. 
obliqua, Aid,, 594. 
oblonga, Traust., 592 note, 
oeellata, Agass., 599. 

OIrikii, Traust,, 593. 
opalina, Mac Gill, 595. 
orbicularis, 0. F. Mull, 595. 
ovalis, Les., 595. 

Pafconi, Herdm.. 591. 
patula, 0, F, ill, 592. 
pellucida, Aid. tf Bane,, 594, 595. 
placenta, Herdm,, 593. 
plana, Hanc., 595. 
plebeia, Aid,, 593. 
prohoseidea, Les,, 595, 
prod acta, Hanc., 595. 
prosfcrata, Heller, 593. 
prumnn, 0. F. M ., 592. 
pulcliella, Alder , 599. 


Ascidia pusilla, Traust,, 594. 

pustulosa, Aid. § Hanc., 591 
note. 

pyriformis, Herdm., 593. 
quaclrata, Traust., 593. 
reptans, Heller, 594. 
robusta, Hanc., 595. 
rubeseens, Heller, 595. 
rubieunda, Hanc., 595. 
rubro-tincta, Hanc., 595. 
rudis, Aid., 595. 

Salvatoris, Traust., 592. 
sordida, Aid. cf Hanc., 590 note, 
styeloides, Traust 593. 
succida, St imps., 595. 

Suensonii, Trattd., 595. 

Sydneiensis, Sirmps., 595. 
tenella, St imps., 599. 
tenera, Herdm., 592. 
translucida, Herdm., 593. 
translucida, Sluit., 593 note, 
tritonis, Herdm., 592. 
truncata, Herdm., 593. 
tubifera, Simps., 595. 
variabilis, Les., 595. 
va&culosa, Herdm,, 594. 
verrucoBa, Heller, 595. 
rirescens, Brugiere, 599. 
ritrea, v. Ben., 595. 

Ascidiacea, Blv., 561. 

Ascidim Composite, San, 562, 605. 

Aseidise Lucke, Sav., 562, 63S. 

Aseidise Lucie Salpiformes, 641. 

Ascidia Salpiformes, Herdm., 638. 

Ascidise Sirnplices, Savign., 562. 

Ascidiella, Boule, 589, 590. 
archaia, Sluit,, 590. 
aspersa, O. F. M., 591. 
lutaria, Boule, 590. 
seabra, 0. F. M ., 591. 
triangularis, Herdm., 590. 
venosa, 0. F. ill, 590. 
virginea, O. F. ill, 590. 

Ascidiidm, 562, 565 note, 569, 586, 

600 note. 

Ascidrinse, Herdm., 586, 589. 

Aseopera, Herdm., 563, 564, 
gigantea, Herdm., 565. 
pedunculata, Herdm., 565. 

Aspidodiadema, A . Agass., 53, 55, 56, 
289. 

microtuberculatum, A. Ag 56 
note. 

Aspidodiadematidse, 45, 50, 289. 

Astellium, Giard, 633 note. 

Asterobrissus, 1K Loriol, 181, 294. 

Asterocidaris, Cotleau, 49,51, 289, 294. 

Asterodaspis, Conrad, 165. 

Asteropsis, Cotleau, 59, 69, 289. 

Asterowtuma, Agass,, 28, 200-203, 292. 
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Astorostoma eubenRC, Cottean, 204. 
exccntricuin, Lunik., 202, 204. 

Aathenosoma, Gmhv,?A 5-39, 4J, 43, 289, 

310, 

eoriaeeum, A, Ay,, 07, 
pellucid uni, 4. Ay.. 37, 

Aatrielypeus, Verrill, 157,103, 201, 204. 

Astropyga, 30, 39, 59, 75, 77, 78, 289. 
radiata, 35. 

Atopogaster, Her dm., 010, 023, 024. 
aurautiaoa, Her dm., 024. 
elongata, Her dm., 024. 

-, var. pallida, 024. 

giganlea, Her dm., 024. 
inform is, Her dm., 024. 

A trap!!*, 220, 294. 

Auchcuomus, Hunch, 505, 523. 
longiforecps, Karseh, 522. 

Aurantium, (Hard, 016, 018. 
aurantium, M.~Edw., 018. 

Auriculolla auricula, Fir,, 355. 
pollucida, 355. 
solida, 355. 

Basilarchia, Divergent species of 
(Guliek), 301-305, 371. 

Basilarcliia, 361-305, 371. 

Arebippus, 301-305, 

Art] iemis, 301-305. 

Astyanax, 301-305. 

.Proserpina, 305, 

Bathyoneus, Her dm,, 578, 579. 
cliacoulous, Herd in., 580. 
minutus, Her dm., 580. 
mmibilis, Herdm., 580. 

Batoidci, 389, 397, 398, 400. 

Bdellostoma, 400, 

Blaims, 400 note. 

Boletia, Dem, 120, 131, 132, 290. 

Boltenia, Saviyn., 570, 571, 599 note, 
austral is, Q. if G., 571. 

Bolteni, Li mi., 57 1 • 
lJurklmrdti, Ay., 571. 
eiliatu, Muller, 571. 
olegaiiH, Herdm., 571. 
fusiform in, Sttv., 571. 
gibbosa, Tidier, 57 !,. 
iegumen, Am., 570. 
m ierocosn ms,- Ay., 571. 
ovifeni, I Aim., 571. 
paebydernmtina, Herdm*, 57 L 
reniformis, Mad., 571. 
rubra, St imps., 571, 
spiniiWa, Q. $ G 571. 
tubereulata, Herdm., 57L 

Bolteniinflc, Herdm,, 570. 

Bombus, Lair., 413, 415, 430, 432. 

Bostricbobranchus, Trawl,, 502, 504. 
nmnhattenais, Dckay , 504. 

Bofchriocidaris, Schmidt, 5, 0, 7. 


Botbriocidaris, Fichu., 8, 288. 
Bothriocidaroida, 7, 288. 

Both riopyguH, H Qrh„ 174, 177,291. 
Bo try 1 lube, Girard\ 005. 

BotryHoules, //. Milne- Fdw., 007, 008. 
albicans, 1L Mr Fdw., 008. 
ciliutuH, JL Oh, 008. 
ciavelina, Gbird, 009. 

Emeryi, Della Valle , 008. 
fulgurale, Herdm., 009. 

Gaseoi, Della, Id He, 008. 
insigue, (Hard, 009. 

Leacliii, Sav., 008. 
luteum, v. Dr., 008. 
morioniformis, Della Valle, 008. 
nigrum, Herdm,, 008. 
perspieuum, Benin., 008. 
prostration, (Hard, 009. 
purpuream, v. Dr., 008. 
pusilla, Alder, 009. 
radiala, Aid, jf Ernie,, 009. 
ramulosa, Aid. Hum,, 009. 
rosace us, Gruhe, 008. 
rotifer.*!., JL M.Mi'dw,, 009, 
rnbruiu, H. M.-Ed/w., 008. 
sparsa, Alder, 009. 
tyrouiu, Herdm., 008. 

Botryllus, Gacrtner A Pallas, 005, 000, 
008. 

nurolineafcus, (Hard, 007. 

Bacri, Grube, 007. 
bivittatus, M.-Edw., 007. 
calendula, (Hard, 007. 
east amnia, Aid. 4' I lane., 007. 
gemmou.s, Sue., 007. 

(louldii, Verr,, 007. 
marionis, (Hard, 007, 
minutus, Gar,, 007. 
morio, (Hard, 007. 
pruinoHUM, (Hard, 007. 
rubeirn, Aid, if Dane., 007, 
rubigo, (Hard, 007. 
wmmo, Della Valle, 007. 

8eb.loBHeri, Dallas, 007. 

Nmat'ugdus, J\L-Edw„ 007 . 
tapotnm, Della Valle , 007. 
temm, Della Valle , 007. 
viulaceuH, 11. M.~Fdw., 007. 
vimcuuB, Aid, A Mane,, 007. 

Box vulga,ris, 409. 

BniohybibiH, Jhhrn, 504, 510. 
Bradyphoms, 330, 

Brevistelli um, Jourd., 033 note. 

.Braynin, Dtiwr, 240, 202, 205, 292. 

sulcata, 1Jaime , 205, 

Brissomorpha, Laube, 242, 243, 294, 
Brissopatagus, Cot teem, 289, 250, 292. 
Brissopneustes, Col lean, 239, 24.1, 292, 
Brissopsis, Ay ass., 231), 245, 248, 249, 
250, 251. 
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Brissus, Klein , 227, 230, 241, 243, 245, 
292. 


depressus, 243. 
sternalis, Lamk., 245. 
tuborculatus, Wright, 243. 
Bulrrnella, 347, 34S, 350, 355, 356, 357, 
358. 

bulimoides, 353. 
rosea, 353. 

Buprestidae, 520. 


Cffisira ficus, Meted., 569. 
parasitica, Macd 560. 
pellucida, Macd., 5G0. 

Cahcria, Iffyu. Thoms., 36, 43. 

(Ast heuosoma) hystrix, Wgv. 
Thoms., 17. 

Calymne, Wgv. Thoms., 206, 214, 202. 
Caratomus, Agass., 168,170, 171, 291. 
Oarcino] )hora, Sc add., 505, 530. 
Oardiastor, Forbes, 206, 208, 209, 210, 
267, 292, 311. 

Cotteauana, If Orb., 210. 
excentricus, Forbes, 210. 
fossarius, Benett, 210. 
rostratus, Forbes, 210. 

Cassidulitlse, 150, 151, 166, ISO, 202, 
291. 

Cassiduloidea, 23, 25, 166, 288, 291. 
Oassidulus, Lamk., 149, 177, 180,181, 
291. 

caribbearura, 181. 
lapis-caneri, 181. 

Mar mini, 18L 

Catopygus, Agass., 180, 185, 186, 291, 
305. 

Loveni, Sluder, 185, 
recens, A. Agass., 185, 
Controlophus, 542. 

Centropygus, Ehrag, 141. 
Centrostephanus, Peters ,59, 61, 280. 
Oeratina, Lair., 429. 

Cercyonis Alope, 363, 

Nephole, 363. 

Cestracion, 395, 397. 

philippi, 409. 

Ohaetodiscus, Liith, 158. 

Oluutospania, Karsch, 505, 518. 

inornate, Karsch, 518. 

Ohanos, 404. 

Ghelidura, Sent,, 505, 331, 
robusta, Scudd., 530. 

Oholisoches, Scudd., 505, 521. 
morio, Fabr., 522. 
pictieornis, Kirby, 522, 531. 
tenebrator, Kirby, 521, 531. 
Chelostoma, Latr., 426, 427, 432, 
Chelyoeoiua, Brod. $ Souk, 587. 
Chelyoaoma Maclcayanum, Brod. <f 
Sow.. 587. 


Chelyosoma productum, Stamps., 587. 
Ohevreulius, Lac.-Dufh., 507 note. 
Chiloseyllium ocellatiun, 396 note. 

plagiosmn, 396 note. 

Ckirocentrus, 403-405. 
Chlamydoselache, 395 note, 405. 
Oblamydoselaehus anguineus, 407. 
Chondrostachys, Macd., 6I0 S 612. 
Chordata, hermaphroditic, 546. 
Chorizoeorams, Herdm., 635, 636. 
leticophseus, Her dm., 636. 
reticulatus, Her dm., 636, 
subfuseus, Herdm., 636. 
Sydneyensis, Herdm., 636. 
Chrysomelon, Laube, 129, 294. 
Ckrysophrys, 544. 
auratus, 544. 

Oibaster, Pomel, 209, 294. 

Cicada, Divergent Evolution in the 
Periodical (Ghilick), 365-371. 

Cicada, 365, 370, 371. 

Cassinii, 367. 

septemdecinij 321, 365, 367, 370. 
CidaridiE, Aid. # Dcsor, 26, 27, 35, 75, 
289. 

Cidaris, Klein, 5, 27, 20 note, 30, 31, 
34, 116-118, 127, 289, 293. 
bispinosa, Lmk., 31. 
canaliculate, Banc, Slack, 31. 
copeoides, Colt., 31. 
guttata, Cott, 31. 
papillate. Lcske, 31. 
purpurata, Wgv. Thoms., 32. 
Cidaroida, 21, 24, 26, 27, 288, 289. 
Oidaropsis, Cottem, 49, 53, 289. 

Cilissa, Leach, 413, 419, 431. 

Ciona, Sav„ 597, 598, 600. 
aspera, Herdm., 598. 
canina, 0. F. M,, 598. 

Edwardsij Route, 598. 
fascicularis, Hanc., 598. 

Elemingi, Herdm., 598. 
intestinalis, Linn., 598, 599. 
Savignii, Herdm., 598. 

Cioninaj, Route, 586, 597. 

Cionobrissus, A. Agass., 220, 240, 247, 
259, 292. 
revinotus, 259. 

Circinalium, CHard , 616, 627. 

concresccns, Giard, 627. 
Circopeltis, Pomel, 49, 53, 289. 
Clavelina, Sav., 600, 603, 604. 
lepacliformis, O . F. Mull., 604. 
nana, Latr., 604. 
products, M.-Edw., 604. 
pumilio, M.~Edw., 604. 

Bissoana, M.-Ed., 604. 

Savigniana, M.-Edw. } 604. 
Clavelinidm, Forbes, 562, 597, 599, 
600 note, 617. 
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Clave! inopsis, /Ww, 599 nolo. 

rubra, Fewkes, 570 note, 599. 
Olaviaster, D'Orh,, 23, 290, 201, 292. 
Olnvulina, 538. 

OleisteeliinUH, de Loriol, 200, 277, 293, 
01 ion a, 531, 535. 

Frycri, Hit acock, 535. 

Olupoicki, 512. 

Clypunster, Lamt, 142, 149-151, 154, 
155, 291. 
aagy ptiaous, 153. 
altue, 1*49, 151. 
excel itrieus, Lamk., 202, 
roticulatus, Linn,, 151. 
Clypoastridm, Ayusn., 142-144, 148, 
151,291. 

Clypeastroula, 21, 25, 1.42, 143, 288. 
Olypeolampas, Panel, 192, 191, 294. 

Lento!i Colt, 194 note. 
Clypcopyguw, H Orb,, 180, .188, 291, 

Clypeus, Klein , 180, 187, 291. 

Cobitis, 550, 551, 554. 

Oodechinus, Desor, 59, 80, 289. 

Codfish ((raclus mrrhua ), On some 
Mormaph rodito Genitalia of the, with 
Bemarks upon the Morphology and 
Phytogeny of the Vertebrate Bepro- 
ductive System, by Prof. G. B. Howes, 
539. 

Codiopsis, Agnes., 57, 59, 65, 289. 
Oaiioxys, Lair., 424, 425,426,431. 
Ooeloeormidte, Herdm 634. 
Cadoeomius, Herdm,, 634. 

Huxlcyi, Herdm., 634. 

Ocelopleurtis, Agnus,, 92, 94, 290. 
Colella, Herdm., 606, 610, 611. 
claviformis, llerdm,, 611. 
concrota, Herdm 614. 
clou gal a, Herdm., 611. 

Giumurdi, Herdm., 6.11. 

Murray!, Herdm,, 611. 

—, vnr. rubida, Herdm., (511, 
pedunculate, Q. 4'* (L, 611. 
plicate, Herdm,, 6(1. 
pulchra, Herdm,, 611, 

Quoyi, Herdim, 611. 
raimilosa, Herdm., (ill, 
tonuicaulis, Herdm., 611. 
Thomson!, Herdm,, 610 note, 
611. 

Collates, Lair., 414, 415, 418, 421, 
431. 

Colly rites, Des Moulm , 196, 197, 
op2. 

OoUyritid®, 166,196, 292. 
Colobooentrotns, Brandt , 116, 117, 
290. t 

Colpotiara, Pome/ , 65, 294. 
Ooncophorus, Laube, 252, 294. 


Comtylopalama, Land,, 503, 530. 
agilin, Sunil,, 5;JO. 

Conotdypoim, A. A<j., 135, HO, 192,290. 
Uouoelypeus, 191. 

Sigsboi, 191. 

Oonolatnpas, A. A yaw,, 23, 180, 191, 
192, 195, 292. 

Sigslxu, A. A(j<m s., 192. 

Oonulus, Klein, 167. 

Oopelata, Cvgcnh., 649. 

Ooptechiuus, (Jo flea a, 101,294. 
Coptophvma, Pmm et Gauthier, 97, 
101, 290. 

Ooplosonm, Demr, 85-90, 290. 

Ooraylur, Cottean, 225, 236, 292. 
Corolla, Alder y* Ham,, 587, 588, 597. 
borealis, Tramt., 588. 
eumyota, Teat id., 588. 
japouica, Herdm., 58S. 
iarvmformis, Mane., 588. 
rninuta, 'Brand., 588. 
novane, ?.». Dr., 588. 
ovata, Jiauc., 588. 
parallelogmmnm, O, F. M\, 588. 
Corelli me, Herdm,, 586, 587. 

Oorlieium, 531 note. 

Corynaseidiu, Herdm., 587. 

Suimii, Herdm., 588. 

Cottalclia, Demr, 59, 67, 289. 

Carter!, Dime., 67. 

Forbesinna, 67. 

Cronilabrus pavo, 553 note. 
Cryptobranchus, 385, 390. 
japonieus, 408. 

Ctemec'lln, Lae.-Doth., 563,565. 
nppendiculata, Heller, 566. 
Korotnellii, Luc.-DutL, 566, 
Latieeplaini, L(te,-lhdh„ 565. 
Morgahr, Lac.- Hath., 566. 

CuIeoluH, Herdm., 570, 572. 

MoHoloyi, Herdm., 573. 

Murrayi, Herdm,, 573, 
porlatus, Suhm, 573. 
pcrluciduH, Herdm., 573. 
mniutbetis, Her dm., 573. 

Tamien, Veer., 573. 

Willemoesi, Herdm*, 573, 
WyyilhHlhoiusom, Herdm., 573, 
Oyelaster, Colteau, 239, 249, 250, 292. 
294, 

Gourd tmi, 250. 

Cyclomyaria (Krokn), Uljmin , 641, 
644. 

Oyelopterus, 400,406. 

luinpu.s,401, 409. 

Cyeloaalpn, Jit urn v. , (145, 
nfFuus, Cham., (45. 
dolich osoma* virgula, Todr VottL 
, 645. 

pinnate, Font, 645. 
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Cylind rogaster, Stal, 504, 507. 
gracilis, Stal, 507, 
j'ansoni, Kirby* 507. 
nigriceps, Kirby, 507. 

Cynthia, Swing., 576, 576. 
arcuata, Keller, 577. 
ampulla, Brug., 585. 
angularis, Si imps., 586. 
araneosa, Simps., 586. 
arcnosa, Hmlm ., 576. 
carnea, Ag., 586. 
casfcaneiformis, v. Dr., 576. 
cereb rife mils, Her dm., 576. 
elavigera, Traust., 577. 
corallina, Houle , 577- 
coriacea, .4&Z. cf Have., 586. 
delicatula, Simps., 586. 
dumosa, Stimps ., 586. 
dura, Heller, 577. 
ecbmata, Linn., 577. 
fissa, Hmlm., 577. 
formosa, Herdm ., 576, 
galbaua, Hmlm., 577. 
gangelion, /Say., 577. 
gemmata, Simps., 586. 
glaeialis (?), 586. 
grandis, Heller, 577. 
granulata, 586. 
haustor, Stimps., 577. 
Hilgendorfii, Traust 577. 
hispida, Hmlm., 577. 
informis, Forbes, 585. 
irregularis, Herdm 576, 
jacatrensis, /S7wzY., 576. 
japoniea, Traust 576. 
laevigata, Hdler, 677. 
Icevissima, Stimps., 586. 
limacida, Fbr5., 578, 585. 
mammillaris, Pallas, 585. 
nxirabilis, y. Dr., 577. 
momus, Day., 577. 
monoceros, MoD, 586. 
moms, Forbes, 577. 
nodulosa, y. Dr., 577. 
Nordenskioldii, Wagn., 677. 
ocellifera, Stimps., 586, 
opalina, .k/X, 586. 
ovalis (?), 586. 
pantex, /Say., 577, 
papillosa, Dim, 576. 
partita, Stimps., 586. 
pracputialis, Hdler, 576. 
pulchella, pyrr., 586. 
pupa, /Say., 586. 
quadrangularis, Darfr., 585. 
Eiisiana, Traust., 577. 
Roretzii, y. Dr., 576. 
rosea, .4/D, 580. 
sabulosa, Stimps., 586. 
satsumensia, Blimps., 586, 


Cynthia scutellata, Heller, 577. 
squamulosa, yDd, 577, 
stellifera, Fm\, 586. 
stolonifera, Heller, 576. 
sulcatula, y/ZD, 586. 
tessellata, Forbes, 573, 578. 
tuberosa, Maeg., 586. 

■violacea, Aid., 586. 

Cynthiidm, Lac.-Duth., 562, 569, 585, 
586, 595. 

Cyntliiince, Herdm., 570, 578, 578. 
OyphomatidiB, 57, 85, 290, 311. 
Cyphosoma, Cotteau., 82. 

Cyphosoma, Agass.., 85-92, 290,305. 
crenulara, A. Ag,, 87. 

Delmarrei, 86. 

Foukanense, Pemi Gauth., 86. 
Heinzi, Peron & Gauthier , 82, 88, 
89. 

Joudi, PSron §' Gauth., 88. 
macrostoma, Da?zc. # 88. 

Mortoni, Dy D<?r., 87. 
perfectum , Cotteau, 88. 
radiatum, /So?y., 88. 
simplex, Forbes, 88 
spattdifera , Forbes, 88. 
subradiatum, 88. 
undaturn, cf- 88. 
Cypliosomidae, 45, 311. 

Cyprinoidei, 542. 

Cyrtoma, WClelland , 182, 294. 
Cysteehinus, A. Agass., 206, 213, 
292, 

Cystingia, MacLeay , 570, 571. 

G-riffithsii, MacLeay , 571. 
Cystoarian, 551. 

Cystocidaris, ZitL, 6, 20, 293. 
Cystocidaroida, 7, 20, 288. 

Oystodytes, row Brasche, 610, 614. 
cretaceus, v. Dr., 615. 

Belle Chiaim, D. 615. 
Brasehii, Herdm., 615. 
durus, v. Dr., 615. 
philippinensis, Herdm., 615. 

Dasypoda, Lair., 413, 420, 431. 

Beakia, Pavey, 248,294. 

Demogorgon Kirby, 508, 505, 518. 
auelphus, Kirby, 515. 

Batesi, Kirby, 514,531. 
bieolor, Kirby, 514, 515. 
livida, Dubr,, 514. 

_ patagonicus, Kirby, 515, 531. 

Bend raster, Ag., 158. 

Dendrodoa, MacLeay, 582. 

glandaria, MacLeay , 582. 

Besorella, Cotteau , 179' 291. 

Besom, Gray, 227, 233, 234, 294. 
Biadema, 24, 40, 58*63, 82, 125, 289. 
Biademae, 57. 
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Biademafidie, 22, 30, 40, 45, 57, 58, 84, 
2K9. 

Bindomatime, 59, (50, 280. 

Biadematouhi,, 24, 86, 5(5, 288, 289. 

Diademopsis, Desor, 50, 62, 280, 294. 

Biazona, tiav., 599, 600. 617 nolo, 
hebridiea, F, $ Or., 600. 
intacta, hah, 600. 
violaeea, Sa v., 600. 

Bictyopleurus, Dune. § Sladcn, 07, 99, 
290. 

Didolphia, Owen , 884 note. 

DIdemniche, 628. 

Dideirmoidcs, von Drasche, (520, 680. 
maoroopborum, v. Dr., 630. 
resmaceuni, v. Dr., (580. 

Didemnuxn, Sav., (529. 

aurantiacuin, Herdm., 629. 
bicolor, v. Dr., (580. 
eereum, Giant, (529. 
fallax, Lah, (580. 
grapliicum, Lah., (529. 

Grubci, v. Dr., (580. 
marmatum, v. Dr., (529. 
inerme, Her dm., (529. 
lobat.ura, Grub, (580. 
niveiim, Giant, 629. 
roseum, Delie CL, (580. 
rubellam, Grube, (530 note, 
sargassieola, Giard, 620 nole. 
Savignii, Herdm., 629. 
fcortuosum, v. Dr., 629. 
varioloaum, Grube , 630. 

Diplatys, Derr., 504, 508, 

Diploeidans, Desor, 27,85, 289. 

Biplopodia, M l Coy , 59, 67, 68, 

289. 

J)ij>lopodiina\ 59, 67, 289, 

Diplosoma, Mated,. (532, (583. 
earnosum, v. Dr , 688 . 
chanifdeon, v. Dr., (588. 
crystaltinum, Giard, (538. 
gdaiinoamn, MrEdw., (583. 
gyroaum, Grube, (588, 

Koehlcrianurn, Lah., 6353. 

Lister!, Lah, 688, 

Lister iimum, Delia Valle, 688. 
Maedonaldi, Ilmlm,, 6533. 
punetatum, Forb 633. 

Kaynori, Mated., 633. 
apongi forme, Giard , 638. 
zosterarum, Jburd 638. 

I)iplo8omidic, 'Giard, 682. 

Diplosomoides, Hcrdm., (532. 
molle, Herd/m., 685). 
pseudoleptoclinum, v. Dr., 638. 

Diplotagma, SchlMer , 59, 70, 289, 

Diplotheeanthus, 149,153, 201, 204. 

Discocidarss, Dbderl., 27, 33 note, 
294. 


Diseodermia, 58(5, 587. 
pupil lata, 587. 

Biscoidea, Klein, 22, 135, 188, 189, 

290. 

subuculus, Klein, 189. 

Distaplia, Della Id,lie, 610, 612, <518. 
lubriea, v. Dr., (518. 
niagnilarva, D. Valle, 618. 
rosea, D. Valle, 618. 

Valid, Hcrdm., 613. 

Distoma, Gardner, (510, 613, 614. 
ad nation m, v. Dr., 618. 

Costae, D. Valle, (514. 
cristallinum, Fen., 613. 
mucosum, v. Dr., 614. 

Pancerii, D. Valle , 614, 
plumbeuni, 1). Valle , (514 note, 
rubrum, Sav,, 014 note, 
variolosum, Gacrtn., 614. 
vitreum. Bars, 613 note. 

Pistouudjje, Giard, 009. 

Bitroniaster, Mtmier- Chalmas, 228, 
229, 294. 

Bodunostoma, 174, 176, 291, 294. 
Boliolidic, Kef erst., 643, 

Dolioluni, Quay 4* Gaimard, 642. 
affine, Herdm., (543. 

Challenged, Herdm., 643. 
dentieulatuni, Q. d G., 643. 
Ehrenbergi, Kr., 643. 

Gegenbauri, Ulj., 643. 

Krolmi, Herdm., 643. 

Miilleri, Kr., 043. 
rarum, Grohhen , 643. 
tritonis, Herdm., 613. 

Boliopsis, C. Voyt, 643 nole. 
Dorocidaris, A. Agars,, 2S, 30 note, 
81,289, 293. 

Dufouroi, Lep., 412, 421. 

Duncan, Prof, P. M., A Revision of the 
Geiiom and great Groups of the lichi- 
noidea, 1-811. 

Dysanter, Ay ass., 196, 197, 292. 

Emnkmida, 537. 

Bull iiumlh idie, A, Ay ass., 148. 
Echinanfhus, A. Jym ., 148. 
Eehinanihuy, Ikcyn'm , 149-155, 180, 
183,291,305. ' 

Mortimis, Mich., 188. 
rosace us, A. Ay ass,, 151. 
testudinarius, Gray, 151, 155. 
Echinaraclmius, Leske, 157, 158, 291, 
294. 

Eehinidce, 22, 45,114,115,126, 290. 
Echinites, 135, 139, 290,294. 
Echinobrissinae, 166,167,174, 291. 
Echinobrissus, Breynius, 174-177, 291. 
imequillos, 177. 

Julieni, 177. 
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Echinobrissus Meslei, Ter on Gauthier, 

177. 

sitifensis, 177. 

Echinocardium, Gray, 240. 261, 292. 
Eckinocidaris, Bern., 92, 96, 294. 
Echinocidaris, Dime, <$* Bladen , 94, 290, 
294. 

Echinoconidas, 135, 138. 

Echinoconinse, 166, 167, 291. 
Echinoconus, Braynin*, 22,23,167,168, 
193, 291, 305. 

Lanierx, D'Orh., 168. 

Echinoeorys, Breyn 206, 216, 282, 

292. 

Ecliinocrepis, A. Ayass., 280, 283, 287, 

293. 

Echinocrinus, Ay 6, II, 293. 
Eehinocyamus, van Phels ., 142, 144, 
291. 

Echinocyplius, Cotteau , 97, 101, 103, 

290. 

Echinoevstites, Wyv. Thoms 5, 6, 7, 
18-20, 288. 

Ecbinodermata, 4, 288. 

Echinodiadema, Cotteau, 64. 
Echinodiadema, Veer., 59, 61, 64, 289, 

294. 

Echinodiscus, Breynms , 157, 159, 

291. 

Echinoidea, A Kevision of the Genera 
and great Groups of the, by Prof. P. 
M. Duncan, 1-311, 

Eebinolampus, Gray, 149,150,180,190, 
195 note, 292. 

Hellei, Yah, 195 note. 

Klcinii. 202. 
oviformis, 149, 150. 

(Milletia) elegantulus, Millet , 191. 
Eehinometra, Gray , 117. 

Eehinometra, Bandelet, 116, 117, 118, 
149, 290. 

Echinometridae, Gray, 22, 45,115, 116, 

290. 

Echinometrin®, 115, 116, 290. 
Eebmoneidss, 166, 291. 

Echinonain®, 167, 168,291. 

Echinoneus, van Thelsum , 168, 169, 

291. 

EcMonopedina, Cotteau, 59, 73, 83, 
289. 

cubensie, 73, 

Gacheti, 73. 

Ecbinopsis, Ayass., 59, 73, 83,103, 290. 

Edwards!, Forbes, 83. 

Echinosoma, Serv., 504, 508. 

Forbesi, Kirby , 509, 531. 
eumatranum, Be Ham, 509. 
Yorkense, Bahru, 509. 
Eehinospatagus, Breyn,, 217, 219, 220, 
221, 292. 


661 

Ecbinostrephus, A. Ayass., 110, 123, 
290. 

Echinothrix, 59, 74, 77, 78, 289. 
Ecbinothuria, S. P. Woodw., 41, 42, 
289. 

Eehinotb uridse, Wyv. Thoms., 22, 40, 
289,311. 

Echinothurinie, 41, 42, 289. 

Echinus, Bondelet , 68, 116, 117, 118, 
126, 127, 290. 
niger, Molina , 94. 
pileolus, Lamk., 130, 131. 
refciculatus, Linn., 150. 
tubereulatus, 130. 

Ecteinascidia, Herdm., 599, 601. 
diaphanis, Bluit., 602. 

Moorei, Herdm., 602. 

Tburstoni, Herdm., 602. 
turbinata, Herdm., 602. 
Elasrnoarian, 551. 

Encope, Ayass., 147, 157, 160, 291. 
Enieh aster, Be Loriol, 206, 215, 

292. 

Ennalaster, IT Orb., 217, 220, 292. 
Entomaster, Gauthier , 207, 292, 294, 
311. 

Eocidaris, 294, 

Eocidaris, Desor, 27, 29 note, 33 
note. 

Eocidaris, Keyserl., 6. 

Eocidaris , Meek & Worthen, 12. 
Eodiadema, Dune., 59, 81, 289, 294. 

granulata, Dime,, 81. 

Eolampas, Bum. $ Bladen , 23, 200, 
292. 

Epeolus, Latr 423, 432. 

Spinster, B'Orb., 212, 217, 218,292. 

de Lorioli, Wright, 218,229. 
Erynnis, 360. 

Esoeidie, 542. 

Ethmolysii, 230. 

Ethmophraeti, 280. 

Eueera, Scop., 423, 427, 432. 

Euccelium, Sav ., 629,631, 632. 
eroceum, Bisso, 632. 
flavidum, Bisso, G32. 
hospitiolum, Sav., 682. 
parasiticum, Giard, 033, 682. 
ravum, Gruhe, 632. 
roseum, B. Ch., 632. 
Bubgelatinosum, B. Ch., 632. 
Euechinoidea, Broun, 4, 20, 24, 25, 26, 
288. ' 

Eugyra, Alder $ Ham,, 562, 563, 
564 note. 

adriatica, v. Dr., 564. 
arenata, Verr., 569. 
arenosa, Aid. $ Ham., 564. 
bilabiata, Bluit, 564. 
globosa, Ham., 564. 
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Eugyra glutinans, Mol/., 564. 
korguelenonsia, Iierdm 563. 
pedunculate, Traust 503. 
pilularis, Ven\, 5(54. 
symmetrica, a Da, 504. 

Eugyriopsis, Batik, 503,509. 

Dacazei, Houle, 509. 

Eupatagua, ^«w., 239, 253, 255, 292. 
avellana, 255. 

Eureoliinus, Terr., 121. 

Eurhodia, d'Archme cf* Haime, 180, 

184, 291. 

Euryeercus, Busch , 050 note. 

Earypneiist.es, Zbmc. *}• &'laden, 116, 
124, 290. 

Euspatungus, 253, 255. 

Evechinus, Vcrrill, 126,133, 290, 294. 

Evolution, Divergent in the Land- 
Mollusks of Oahu (Gulick), 346- 
800. 

Divergent, in the Periodical Cicada 
(Gulick), 365-371. 

Exocyclica, 22, 23. 

Faorina, Gray, 225-227, 231, 292. 
Antarctica, 226. 
cavernosa, 226. 
chinenais, Gray, 231, 

Faujasia, 2)'Orb., 180, 189, 291, 

Fibularia, Lamk, 148, 144, 146, 291, 
305. 

Fibulariidae, Gray, 144. 

Forbesella, Her dm., 573, 578, 585. 
tesseUata, Forbes, 573, 578. 

Forcinella, Dohrn , 516. 

Forficasila, Serv., 510. 

Foriicula, Linn., 503, 505, 524, 530. 
afra, Beano., 508. 
albipennis, Chary., 530. 
americana, Beauv,, 510. 
aptera, Chary., 530. 
auricularia, Linn,, 524, 525. 
bipimetata, Fabr,, 524. 
braeilionais, Gray, 507, 
chikmsis, Blanch,, 518. 
coriacea, Kirby, 525. 
depveaaa, Beam.. 503. 
gigantea, Fabr., 510. 
heruuleana, Fabr., 510, 
lands, Phil*, 531. 

) obophoroides, Dohrn, 522. 
longipes, de Euan, 524. 
macrocepbala, Beam,, 508, 
maritium, Gi.ne, 537, 
minor, Linn,, 519, 
mono, Fabr,, 521. 
parvicollis, SiU, 580. 
picta, Kirby, 525. 
planicollis, Kirby, 525. 
riparia, Ball., 510. 


Forficulidne, A Revision of the, with 
Descriptions of Row Specie's in the 
British Museum, by W. F. Kirby, 
502-531. 

Fragarimn, Giard, 016, 026, 627. 
areolatum, D.Ch 027. 
elegans, Giard, 627. 

Fraguroidoa, Maurice, 616 027. 

aurantiacum, Maurice, 027. 
Fritillaria, Q. £ G., 650, 651. 
formica, Fol, 052. 
furcata, Vogt, 052. 
haplostoma, Fol, 052. 
mogachile, Fol, (552. 
nrticans, Fol, 052. 

Fungulus, Iierdm., 570, 571. 
cinereus, Her dm., 571. 

Gadidm, 392 note. 

Gadoidei, 542. 

Gadus, 551. 

morrhua, 539, 557. 

Gagarin, Dune., 85, 89, 91, 290, 294. 
(Micropais) venustula, Dime. & 
Bladen, 92. 

Galaxiidm, 550, 554 
Galeopygus, Desor, 141. 

Galerites, Lamk 167,168, 294. 
Galeritidse, 135. 

Galeroclypeus, Coiteau, 180, 189, 291. 
Galeropygus, Coiteau, 23, 135, 138, 
141, 290. 

Ganoidei, 546. 

Garelia, Gray, 78, 294. 

Gauthieria, Lamk., 85, 88, 290. 
Genicopatagus, A . Agass 260-208, 
293. 

affinis, A. Agass., 208. 

Glandula, Simps,, 582. 
arenicola, Verrill, 582. 
fibrosa, Blimps., 582. 

• mollis, Blimps., 582. 

Globa tor, 294. 

Glosaophorum, Lah,, 016, 017, 018. 
humile, Lah., 018. 
sabulosura, Giard, 018, 
Glyphooyphina\ 90, 97, 105, 290. 
Glyphoey phus, Haime, 50, 97,102,103, 
290. 

radiatus, Honing, 98. 
rugosus, 99. 

Glyptechinus, BeLoriol , 120, 128, 290, 
Glypticus, Agass., 49, 54, 289. 
Gnathostonmta, 549. 

Gomphechiruis, Bom., 87, 294. 
Goniocidaris, 27, 30 note, 32, 33, 
289, 294. 

Goniophorus, Jam., 45, 40, 289, 294. 
Goniopneustes, Dune., .113, 290, 294, 
Goniopygua, Agass., 49, 52, 289. 
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Gooclsiria, Ommmgh 635, 037. 
coccinea, Cmm., 038. 
lapiclosa, Her dm., 037. 
pedimculata. Her dm., 038. 
placenta, Her dm., 638. 

Grorgonia, 581. 

Gramraechinus, Dune, Sladen, 115, 
290. 

Grasia, Michelin, 190, 199, 292. 
Guaitieria, Dcsor, 240, 250, 257, 292. 
Guetfcaria, Gauthier , 207, 292, 311. 
Guliek, Rev. J.T., Intensive Segregation, 
or Divergence through Independent 
Transformation, 312-380. 

-, Divergent Evolution in the Lancl- 

Mollusks of Oahu, 340. 

Gummina, 531, 532. 

Walliehii, 531, 535. 

Gymnoarian. 551. 

Gymnoeysfcis, Giard, 560 note. 

comosa, Giard, 569. 
Gvmnodiadema, De Loriol , 57, 59, 83, 
290. 

Hagenowia, 206, 210, 292, 294. 
Hagenowia, Duncan, 210. 

rostratus, Forbes, 211. 

Hnimea, Mich dm, 173, 174, 291. 
Halictus, Latr., 411, 417, 41S, 422, 
431. 

Halocynthia, Terrill, 570 note. 
Hamaxitus, Wiegm., 226, 231. 
Hapalemur, 400 note, 
griseus, 402. 

Hardouinia, J. Haime, 180, 183, 291, 
294. 

Morton i, Haime, 183. 

Hebertiu, 294. 

Helicidte, 847. 

Helieehinus, Girard, 182, 294. 
Helioeidaris, Demi., 118, 119, 121,294. 
Helix pmnatia, 354. 

Heuiiaster, Demr, 177, 218, 224-234, 
275, 292, 

expergitos, Zaven. 231. 
Hemieklaridm, 45, 48, 57, 2S9. 
Hemieidaris, Agass., 49, 50, 51, 54, 55, 
82. 

Hemidinderaa, Ay ass., 49, 50, 289, 294. 
rugosum, 50. 
stramonium, Agass.. 50. 
Hemimyaria, Ilerdm., 041. 644. 
Hemipatagus, Desor, 217, 222, 265, 
292. 

Hemipedina, Wright , 54, 59, 289, 294. 

Smrnaimi, Wright , 81. 
Hemipneustes, Je/ass., 206, 209, 292, 
305, 311. 

Hemipygus, Ft a lion. 49, 50, 291. 
Heptanehus, 894. 895, 404. 


Herdman, Prof. W. A., A Revised 
Classification of the Tunicatu, with 
Definitions of the Orders, Suborders, 
Families, Subfamilies, and Genera, 
and Analytical Keys to the Species, 
558-652. 

Herd mania, Lakille , 575. 

Heredity of Acquired Conditions, Terato- 
logieal Evidence as to the, bv B. O. 
A. Windle, 448-502. 

Heriades, Spin., 427. 

Ileteraster, D'Orb., 220, 294. 

Ileterobrissus, Mane. A Miles., 242,243, 
294. 

Ileterocentrotus, Brandi , 31, 116, 290. 
maniilUitus, 117. 

Heterocidaris, Cottcau , 59, 77, 289. 
Trigeri, Cottcau , 75. 

Wickense, Wright, 75. 

Heterodiadema, Cottcau , 59, 05, 289. 

lieterolampas, Cottcau, 217. 22J, 292. 

lleterosalenia, Cottcau, 45, 47, 289, 
294. 

Heterotrema, Fiedler, 610, 614. 
Sarasinorura, Fkdl 614. 

Hipponoe, Gray, 182, 294. 

Hippopotamus, 400 note. 

Holaster, Agass., 206, 207 . 208. 31.1, 
Campicheanus, D'Qrb., 208. 
Indicus, Forbes, 208. 

Holectypoida, 25, 185, 288, 290. 

Holectypus, Dew, 22, 23, 185, 186, 
290. 

Holopneustes, Agass,, 114, 290. 

Ilomoiampas, A. Agass,, 266, 275, 293. 

Ilowes, Prof. G. B. t On the Intestinal 
Canal of the lehthyopsida, with 
especial reference to its Arterial 
Supply and the Appendix Digiti- 
formis, 381-408. 

-, On some Hermaphrodite Genitalia 

of the Codfish (Gades monhna), with 
Remarks upon the Morphology and 
Phytogeny of the Vertebrate Repro¬ 
ductive System, 539. 
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Podorlavella, Hvrdm., 500, 008. 
nurilucom, (hirst., (508. 
borealis, Ban., 008. 
meridumabs, lDr dm., (508. 
Podophora, Agars., 117, 

Polyastor, Mhhcl'm, 150, 204, 

Polycarpa., Heller, 582,538. 
amm, Ilerdm 585. 
argoensis, Ilerdm, 585. 
aseidioidea, Hvrdm., 58 k 
aspora, Ilerdm 585. 

Baasi, Ilerdm., 585. 
capfciosa, Shut., 584. 
comata, Aid., 58 k 
cryptocarpa, Shut.. 58 k 
curia, Herdm 58 k 
diseoideu, Roller, 58k 
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Poly car pa elata, Heller , 583. 
elongata, Herdm ., 585. 
fastigata, Herdm., 585. 
formosa, Herdm., 584. 
fulva, Herdm., 585. 
glomerata. Add., 583. 
gracilis, Heller, 585. 

Haddoni, Her dm., 585. 

Herdmani, Sited., 583. 
irregularis, Herdm., 585. 
longisiplioniea, Herdm., 584. 
Mayeri, Traud ., 585. 
mimita, Herdm., 583. 
molguloides, Herdm., 584. 
mollis, Heller, 585. 
monensis, Herdm., 584. 
nebulosa, Heller, 585. 
nigricans, Heller, 588. 
obseura, Heller, 584. 
obtecta, Traud., 583. 
oligocarpa, Slu'd., 583. 
papillata Sluif., 583. 
patens, Sluif., 585. 
pedata, Herdm., 583. 
pedunculate, Better, 583. 
pilella, Herdm,, 584. 
pomaria, Sue., 584. 
procera, Sluif., 584. 
pusilla, Herdm., 5S3. 
quadrata, Herdm., 583. 
radicata, Herdm., 583. 
rigida, Herdm., 585. 
rugosa, v. Hr., 584. 
rustica, Linn., 585. 
sabulosa, Heller, 584. 
simplex, Herdm., 583. 
spiralis, Slu’d., 588. 
spongiabilis, Traud., 583. 
Stimpsoni, Heller, 584. 
sulcata, Herdm., 585. 
tinctor, Q. cf G 584, 
torresiana, Herdm., 585. 
tumida, Heller, 584. 

Tarians, Heller, 585. 
viridie, Herdm., 583. 

Poly ci dans, Que.nd.edt, 27, 34, 280. 

Polyeliniday Giard, 515, 628. 

Polyclinoides, von Hrasche, 616, 621. 
diaphanum, v. Hrasche, 621. 

Polyclinum, Sav., 616, 018, 619. 
aurantium, M.HJdw., 618. 
cerebriforme, Aid., 628. 
constellatum, Sav., 619. 
cythereum, Sav., 619. 
depressum, Herdm., 619. 
diazona?, I). Ck, 619 note, 
ficus, Sav., 619. 
fungosum, Herdm., 619. 
fuseum, I). Oh., 619 note, 
kesperium, Sav., 619. 


Polyclinum isiacum, Sav., 619. 
znolle, Herdm., 619. 
saturnium, Sav., 619. 
septosum, I). Ck, 619. 
stellatum, I). Gk, 619. 
succineum, Aid., 628. 
uranium, Sav., 619. 
vesiculosum, I). Ck, 019. 

\iricle, I>. Ck, 61S. 

Polycyclus, Lam., 605, 607. 
cyaneus, v. Hr., 607. 

Jeffreysi, Herdm., 608. 

Lamarcki. Herdm., 608. 

Penieri, Lunik ,, 608. 

Savigui, Herdm. 608. 

Vallii, Lak, 608. 
violaceus, v. Hr., 607. 

Polyporinie, 116, 121, 290. 

Polypterna, 400 note. 

Poly sty el a, Giard, 635, 636. 

Lemirri, Giard, 635, 636. 
Polystyelickv, Herdm., 685. 

Porocidaris, Hesor, 32, 289, 293. 

| Poropeltis, Qiceud., 45, 46, 294. 

Puurtalesia, A. Avans., 2, 82, 279-280, 
! 293. 

carinata, A. Agass., 280, 285, 286. 
coratopyga, A. Agass., 280, 281, 

285, 286. 

hispida, A. Agars., 280, 285. 
Jeffreys!, IVi/v. Thoms., 280, 281, 

282, 285, 286. 

laguncula, A. Agass., 280, 285, 

286. 

miranda, A. Agars., 280, 281, 282, 

283, 285. 

phiale, Wyv. Thoms., 280, 285. 
phyale, W yr, Thoms., 280. 
rosea, A. Agass ., 280, 281, 283, 
285. 

Pourtalesiaj, Wyv. Thoms., 279. 
Pourfcalesiidre, 205, 279, 293. 

Preuaster, Desor, 225, 235, 292. 
Prionechinus, A. Agass., 126,134, 290. 
Progoneekmus, Dune. $ Sluden , 59, 84, 
290. 

Prosopis, Fabr., 416, 418, 421, 431. 
Protoeehinus, Aust, 6,13, 293. 

Proteus, 385, 390. 

Protopterus, 405 note, 556. 
an nee tens, 408. 

Prymuatfetes, 23, 217, 224. 260, 269, 
292, 293, 304. 

Prymnodesmia, 23, 217, 239, 266, 273, 
292, 293, 304. 

Psalidophora, Serv., 521. 

Psalis, Serv., 505, 516. 

picina, Kirbg, 516. 

Psammaplidium, Herdm,, 610, 620. 
effrenatum, Herdm., 620. 
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Fsiunmapliclium exiguum, Herdm., 02O. 
Ilavum, ffmhii., 020, 
fragile, Herdm., 020. 
inerustans, Herdm., 020. 
lobntum, Her dm., 020. 
ovatum, Herdm., 020, 
ped u i leulatu m, liar dm,., (520. 
pyriformis, Herdm 020. 
refcii'nrme, Herdm., 020. 
rude, Herdm,, 020. 
soliduin, Herdm., 020. 
spmigiforme, Herdm.. (520. 
aubviride, Hmlm., 020. 
Psammcehinus, Jf/ass., 9], 00, 120, 127, 

290, 294. 

IVudastoroxtoma, Duncan, 200, 200, 
292, 294. 

Jiunmoi, Golte.au, 204. 
INcudliolnstor, Pome/, 294, 205. 
Pxeudobolelta, Trosrlol, 1.10, 122,290. 
Pxeudociclaris, Kfallon,- 49.51, 289, 294. 
PseudodesoreJIn, Eta,Don, 179, .180, 190, 

291. 

Pseudodindcma, Dtw, 24,57-01, S2, 
289,294. 

Pseuclodidemmim, (Hard, 02,9 note. 
Pxeudopedina, (Jottcan, 59, 72, 289, 
294. 

Pscudopygiuilus, Gupmid, 200, 294. 
Pxeudosalonin, (lot team, 45, 40, 294. 
Psithyrus, Lap., 410,400, 402, 

Pyaulus, Agtiss.^ 108, 171. 

Pv gas ter, Ae/uss., 305, 1.07,108, 290, 
megnxtoma, Wright , 108, 

Pyga,strides, Loren, 105, 108, 290. 
Pygnulus, 171, 291. 

Pygidicraim, 504,500, 507. 
Horstloldi, Kirhtf , 500,50*1. 
pullidipuums, Do Hateii , 50(5. 
ataphytlnoidoH, Walk., 500. 
v.-nigrum, Port'., 50(5. 

Pygonnnn, Trosehcl, 90,294. 

PygopisUw, Pomcf, 294, 005. 
PWorhyurlius, Ar/tm s M 149, 150, 180, 
182, 291, 294, ' 

PygUrus, At fans,, 180, 188, 291, 

IVragra, Sew,, 500. 509, 
fusrnfa,, Aero,, 507, 509, 

Pyrtna, Des Mindl us, 108, 171, J72, 
251, 

globosa, 170, 

Pyrosoma, Pmm f 008, 009, 040, 
ntiardieum, Phan, 040. 
elegans, La s., 040. 
giganteum, Las., 040, 
spmosum, Bar dm., 540, 
Pyrosomid®, T, B. Jones, 038, , 

Racbiosoma, Pomd, 294, 305. 

Badiocypints, Cofteau, 289, 005. 


Rain,, 0S8, 089, 094, 097, 099. 

idavatn, 5581 not e, ,‘580, Ms9, 409. 
maenlata, 080 note. 

Rauo, 088, 090. 
tornporaria, 409. 

Rhabduciilaris, Desor, 27, 00, 01, 2.89, 

290. 

Rhabdocynfclun, Hmlm., 570, 575. 
complmmta, Hmlm.., 575. 
imiuritiana, v. Dr,, 575. 
mollis, Her dm,, 575. 
pallida, Hr Her, 575. 

-■, var. billitonensls, Plutf., 

575. 

papietemsis, Herdm , 575. 
pyriformis, Bath Ice, 575. 
rosea, Shi it., 575. 
sacrii’onms, r. Dr., 575. 
subfusea, Herdm,, 575. 
tonuis, Herdm., 575. 

Rliina, 094, 398. 
squatina, 409. 

Elmiobrissus, A. Aetass,, 209. 240, 217, 
258, 292. 

pyramidalis, Agim,, 247. 
Bhoctosoma, Ehrenh., 505 note, 597. 
oaileiise, Lae.-Doth., 598. 
papillosum, Simps,, 598. 
peliuetdum, St imps., 598. 
pyxis, Traust.., 598, 
seminuclum, Heller, 598. 
Eboeehinus, W. Keeping, 7, 14, 288, 
RhopaUxia, Philippi, 597, 599, 000. 
cerberinna, Luh., 00J. 
neapolitana, Phil., 001. 

Rbopalona, Houle, 000 note. 
Ehopalopvsis, Herdm,, 599, 001. 
enissa, Herdm., 001. 
fusea, Herdm., 001. 

RhvuohopygUH, D'Orh 180, 182, 291, 

291. 

RophiteH, Spin., 411, 4.12, 421. 

Rotulu, Klein, J 10, 1.57, 100, 29,1. 
Augnsti, Klein. 104. 

Rumpliii, Klein, 104. 

Rotuloidea, H- Etkeridqe, 141, 147, 148, 
291, 

Rmnpliin, Desar, 150, 291, 

Rum, Agass., 144, 147,291. 


Salamamlra, 088, 390, 402, 400,548. 

maculosa, 409. 

Salcnia, Gray, 45, 47, 289, 

Salenidse, 20 note. 

Saleniidas, Dune. $ Sluden, 22, 45, 289. 
Halumcis, Agcuss., 109, 110, 290. 
8almaeopsis, Ddderl 110, 290, 294. 
8almo, 551. 

salar, 545 note. 
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Sain tones, 550, 554. 

Salmonidae, 404, 405. 

Salpa, Forsk ,, 645, 640, 047- 

afrieana-maxima, Forsk., 646. 
antaretiea, Meym, 648. 
antlieliphora, Per, cf Les., 048. 
aspera, Cham 64S. 
bieornis, Cham,, 648. 
catrulea, B. CL, 648. 
eylindrica, Ouv., 646. 
clubia Cham., 648. 
eebinata, Herdm (>47 note, 
emarginata, Q. cf G., 648. 
berculea, Ball, 648. 
informis, Q. $ G ., 648. 
mollis, Herdm 646 note, 
musculosa, Herdm., 647 note, 
niticla, Herdm., 646 note, 
punctata, Forsk., 64(4 
pyramidalis, Less., 64S. 
quadrata, Herdm., 647 note, 
rhomboides, Q, $ G., 648. 
rubrolineata, Less., 648. 
runcinata-fusiformis, Cham.-Cuv., 
646. 

tricuspida, Q. § G., 648. 
vagimita, Cham., 648, 

Salpid®, Forbes, 644, 647. 
Sarcobotrylloides, eon Brasche, 605, 
609. 

aneeps, Herdm., 609. 
jacksonianum, Herdm., 609. 
pamiosmn, Herdm., 609. 
purpureum, Herdm., 609. 
superbum, v. Br., 609. 

Wyvillii, Herdm., 609. 

Saropoda, Lafr., 429, 432. 

Sursella, Pomcl, 263-265, 294. 

nnmrifcaniea, Pomcl, 265. 

Saunders, Edw., On the Tongues of the 
British Hymenoptera Anlhophila, 
410-432. 

Savignia, Besot, 78, 294. 

ScapheohinuB, Barn., 158, 

Sehizaseus, Blimps., 597 note. 
Sehizaster, Ay ass., 225, 227, 234, 238, 
247, 292. 

gibberulus, Agass., 235. 
Schleinitzia, Sfud'er, 27, 33 294. 
Scomber >idei, 542. 

Scorpmna, 400. 

Scorpions, Old-World Species of, be¬ 
longing to the Genus hornet ms, by 
B. L Pocoek, 433-447. 

Scutella, Lamk., 142, 157, 158, 291. 
Scutellid®, Agass., 144, 157, 291. 
Scutellina, Agass., 144, 345, 291, 294. 
Scyliium, 380, 397,404, 
eanicula, 409, 

Selacboidez, 397, 398. 
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Serranus, 542, 544. 
cabrilla, 544 note, 
hepatus, 544 note, 
seriba, 544 note. 

Sklnyum, Sav., 616, 625. 
pallidum, Herdm., 625. 
turbinatum, Sam, 618, 625, 627. 
Sigillina, Sav., 616, 024. 

australis, Sav., 624. 

Siren, 385, 390. 

Sisrnondia, Besor, 144, 145, 146, 291. 
Sluiteria, Ed. v. Ben., 599, 601. 

rubricollis, Sluder, 601. 

Smaris, 542. 

Sparatta, Serv., 505, 519, 

Horsfieldi, Kirby, 519. 
pelvimetra, Serv., 519. 

Sparoidei, 542. 

Spatagocystis, A. Agass., 280, 283, 286, 
293. 

Spatangidm, 205, 216, 292. 

Spatangoida, 23, 25,166, 2S8, 291. 
Spatangoidea, 25, 166, 205, 288, 
292. 

Spatangomorpba, Bohn, 239, 243, 
292. 

Spatangus, Klein, 226, 239, 251, 250, 
265, 292. 

loncophorus, Menrg., 252. 
ocellatus, Besor, 265. 
Spbmreehinus, Besor, 116, 122, 290. 
Sphecocles, Lair., 411, 412, 417, 418, 
422, 431. 

Spliingolabis, Be Bonn ., 505, 524, 526, 
528, 530. 

africana, Bohrn, 511, 526, 527. 
binofcata, Kirby, 528, 
bipartita, Kirby, 526. 
fureifera, Be Bonn., 526. 
gracilis, Bunn., 528. 
meridionalis, Kirby, 529. 
perplexa, Kirby, 529. 

Bpictililera, Kirby, 528, 531. • 
subaptera, Kirby, 527. 
suturaiis, Serv.,' Gil, 528. 
variegata, Kirby, 526. 
Spirastrellido?, 538. * 

Spongipbora, Serv., 521, 

Spongopbora, Serv., 505, 521. 
croeeipennis, Serv., 521. 

Dysoni, Kirby, 521, 531. 
flavipennis, ikerm., 521. 
Iberiminieri, Serv., 521, 
Squamipinnes, 542, 

Squatina, 398. 

Slaphylinidje, 520, 

Stegaster, Pomel, 209, 294. 

Stegosoma, Chun, 650, 65L 
Stelis, Pans., 426. 

Stenonia, Besor, 206, 215,216, 292. 
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Stcphauocidnris, A, At/., 27, 20, 21, 
280, 202. 

Storeocluvolla, Herdm 500, 002, 004. 
australis, Herdm., 004. 
enormia, Herdm.., 004, 
oblonga, Herdm., 004. 

Rtereusonmta, 25, 45, 2SX, 280. 

Rtigmatopygus, O'Orb,, 180, J82, 20.L 

Sl.iroohinus, 120 , 12(8,200. 

Stoniiijxmia, CAlam, 255, 250, 204. 

Stomediiuus, Desor, 50, 74, 280. 
cainareusis, de Lor lob 74. 

Rtoraopncustea, Aguss., 110, 110, 200. 

Rtveptosomata, 25, 40, 45, 288, 280. 

Strongyloeonlrotus, Brandi, 110, 121, 
130/131,200. 

Studeria, Dune,, 180,185,180, 201,204. 
(CatopvgiiB) elegmw, I/rubc, 180. 

Stjela, NaJlcag, 578, 580, 582. 
aggregata, Y). h\ M., 581, 
areolata, Heller, 580. 
argon tata, StniA, 583 note, 
aurita, Slurb, 583 note, 
bicolor, SluiL, 580. 
bytbia, Herdm., 581. 
canopoides, I Idler, 581. 
eanopus, Sue., 581. 
chorea, &rtv. t 581. 
elava, Herdm., 581. 
convexa, Her dm., 38L 
exigua, Herdm., 580. 
flbvillata (?), 580. 

Hava, Hcrdm ., 580. 
gelatinosn, Tmust 581. 
gbuis, Her dm.., 580. 
grand is, Herdm, 581. 
gyroaa, Heller, 581. 
humilis, Heller, 580. 
laelea, Hcrdm., 581* 
lineal,a,, Beck., 580, 
mytiligera, Sue., 581* 
oblonga, Hcrdm., 580. 
oUtoria, Skit,, 583 note, 
perforata, Shell., 580 note, 
plieata, Let., 58L b 
pHoloosaa, Shelf ., 583 note, 
pupa, Heller , 580. 
pusilla, Her dm., 580, 
racemosa, Hcrdm., 580. 
radieosa, Hcrdm., 581, 
scortea, Her dm., 58.1. 
serioata, Hcrdm., 583, 
soleam, Sav., 581, 
squamosa, Herdm ,, 580, 

Tmistedti, Shit., 580 note, 
variabilis (?), 586. 

Styelinse, Herdm,, 570, 578. 

Styeloides, Slmter, 578, 570, 
abranebiata, Shit., 570. 

Styelopsie, Tmmt ,, 581. 


Xlydopais grossulariu, cun Bcnalen 
581. 

Rymplegwa, Herdm. 005, 000. 

virido, Herdm., 000. 

Xyuoiemn, Phipps, 010, 021, 
iurgetis, Phipps (>24. 

Rynotyeln, Overtl, 035, 037. 
iummsinns, .Herdm., 037. 
vnriegnta, Aid,, 037. 

Ryntelliys, Forbes § Gooch., 000 note. 

Tagaliun, Doltni , 503, 501. 

gruudiventriH, Blanch., 503. 
TeWstei, 303, 400, 403. 
f iVmner.hinu.s, Bor bee, 108, 109, 200. 

maeulatuR, A. At/,, 108 note, 
Temnoeidaris, Ooiteau, 27, 33, 34, 280* 
Totmiopieurkk 1 , 22, 45, 57, 00, 114, 
200 . 

Tenmopbmrimc, 07,105,106, 290. 
Temuopleu rus, Apart,, 100, 108, 109, 
200 . 

Hardwick ii, Aguss., 106 note, 
Beymiudi, At fast., 100 note, 
torenmaticus, Agats., 100 note. 
Toratologieal Kvitlwiec ns to the Here¬ 
dity of Acquired Conditions, by B. 
0. A. Windk 448-502. 

Tetraddaris, Cotteau , 27, 35,280. 
Tetradidonmum gigas, D. Valle, 031. 
Tctragraimna, Apart., 00, 0>1, 204. 
Thalia, Blwmcnb., 0)46. 

demoeratiea-m ueronata, Forth ., 

040. 

-, var. JlagnlliOnra, Trims/,., 0)40. 

Tlmliacoa (Sav.), e. d. Hove., 040, 041. 
Thanaos, 300, 301. 

Thegader, Vowel, 201, 305. 
Thcrmnatrifi, J.hhru, 504, 507, 509. 
briwil ion,sis, Ore//, 507. 
damtalia, Seudd., 507. 

Rauwuiroi, Doleru, 507. 

Thoosa eae.toidnH, 533 note. 

Thylneiuni, Varus, 035, 636 note. 
Normani, Alder , 080, 

Rvlvnni, Cants, 0)30. 

Thyloehmus, Bowel, 85, 80, 200, 305, 

Tbywrowro, 503, 53.L 

Tia red linns, Henmm/r, 5, 7, 19, 288. 

prinwps, femhe, 20. 
r l Haris, Quernt, 40, 204. 

Torpedo, 382, 888, 801, 897. 

Toxasier, Apart., 210, 207, 294, 
Toxobrissus, Desor, 245, 248, 294. 
Toxoddans, A, Agim,, .1,21. 
Xoxopncustos, Agars., 121, 120, 180, 
181, 290. 
maculatus, 130, 
pileolua, A, Ag., 180, 181. 
somifcuberculatus, 180, 
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Toxopnoustcs variegates, 130. 
Trachyastor, Pomd , 228, 220, 204. 
Trachypatagus, Pome!, 2 55, 294, 
Trematopygus, I/Orb., 175, 170, 294. 
TrichodiadoLna, A. Agass ., 01, 294. 
Trididemnum, Bella Valle, 029 note, 
030. 

bend a, Bella Valle, G30. 

Trigin, 400. 

gurnardus, 401, 
lyra, 400. 

Trigonocidaris, A . Agass., 97, 105, 290. 
Tripneusles, Atjass., 120, 132, 290. 
Tripylus. Philippi 224, 220-229, 292, 
294. 

australis, 226, 227, 228. 
cavernosas, Trosch220 , 227, 228. 
excavatus, Phil, 226, 227, 231. 
grandis, Trosch., 226. 

Philippi, Gray, 226, 227. 
(Hamaxitus) excavatus, Philippi, 

Trochalia, Pomd , 181, 294. 

Troschelia, Dime. cf' Sladen, 239, 244, 
292. 

Trygon, 397. 

Tuboraster, Peron tf* Gauthier, 222,260, 
263, 294. 

Tunicata, A Eevised Classification of 


tlio, by Prof. W. A. Hardman, 558- 
652. 

Tunicata, Lamp, 546, 557, 561. 
Tylobranehion, Henlia 616, 617. 

speciosum, Her dm., 617. 
Typhleehinus, Heum., 13, 293. 
Typblolabia, Santlil 503, 531. 

Ureebminne, 206, 211, 292. 

Urechinus, A . Agass., 206, 211, 212, 
292. 

narosi, A . Agass., 211. 
naresianus, A. Agass., 21L 
Urodela, 390. 

Verbeetia, Fritsch , 248, 294. 

Vexillaria, J. Muller, 650 note. 

Windle, B. C. A., Teratological Evi¬ 
dence as to the Heredity of Acquired 
Conditions, 448-502. 

Xanthobrissus, A. Agass*, 245, 294. 
Xenoeidaris, 293. 

Zeuglopleurns, Gregory, 97, 103, 290. 

costulatus, Greg.," 103. 

Zygama-, 398. 

malleus, 398, 409. 
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